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PREFACE 


TO 


THE    FIRST    EDITION. 


THE  following  pages  comprehend  a  condensed  view 
of  the  present  state  of  Chemical  Science.  The  chief 
purpose  of  the  work  is  to  make  the  student  intimately 
acquainted  with  the  theory,  at  the  same  time  that  he  is 
acquiring  a  knowledge  of  the  facts  of  Chemistry  ;  so  that, 
by  the  establishment  of  fixed  principles,  the  details  may 
more  easily  be  impressed  on  the  memory,  and  excite  an  in- 
terest which  they  would  not  otherwise  possess.  Every  one 
who  is  acquainted  with  modern  Chemistry,  will  admit  that 
the  study  of  the  Laws  of  Combination  is  fitted  in  a  pecu- 
Uar  manner  for  promoting  these  objects ;  and  hence  I 
have  treated  at  length  of  the  Atomic  Theory,  and  the  sub- 
jects connected  with  it,  at  an  early  part  of  the  volume. 

To  this  arrangement,  I  am  aware,  it  may  be  objected,  that 
many  of  the  facts  adduced  as  illustrations  must  necessarily 
be  unknown  to  the  beginner.  I  do  not  anticipate,  how- 
ever, any  serious  inconvenience  from  this  source ;  on  the 
contrary,  some  experience  in  teaching  the  theoretical  and 
practical  details  of  the  Science,  gives  me  reason  to  think 
that  the  disadvantages  of  my  plan  will  be  very  far  out- 
weighed by  its  advantages.  I  may  observe,  indeed,  that 
this  work  is  chiefly  designed  for  persons  who  have  either 
attended,  or  are  attending  Lectures  on  Chemistc^  \  ^v\d^ 
to  Buch  readers^  the  objection  to  which  I  aWwAe,  Aoe^  xvoN. 


▼Hi  Preface, 

In  the  composition  of  this  work,  I  have  had  recourse,  as 
far  ^s  possible^  to  the  original  sources  of  information ;  but 
I  have  also  derived  much  assistance  from  the  Elements  of 
Sir  H.  Davy,  and  Dr  Henry  ;  from  the  Systems  of  M. 
Thenard,  and  the  late  Dr  Murray ;  and  from  the  System 
and  First  Principles  of  Dr  Thomson.  I  should  also  add, 
that  the  materials  of  the  small  treatise,  published  about 
eighteen  months  ago,  on  the  Laws  of  Combination  and  the 
Atomic  Theory,  are,  with  slight  modifications,  incorporated 
in  the  present  volume. 

This  treatise,  however,  is  not  to  be  viewed  in  the  light 
of  a  mere  compilation.  In  the  purely  practical  parts  of 
the  work,  for  example,  in  describing  processes,  in  giving 
the  tests  for  demonstrating  the  presence  of  substances,  and 
in  explaining  the  rules  for  conducting  Chemical  Analysis, 
I  have  in  general  merely  stated  in  writing  what  I  am  in  the 
habit  of  practising  in  the  Laboratory.  It  is  likewise  proper 
to  mention,  that,  in  detailing  the  experimental  results  ob- 
tained by  other  Chemists,  I  have  in  many  instances  verified 
them  by  my  own  observation ;  and  when  treating  of  the 
obscure  or  disputed  parts  of  the  Science,  I  have  taken 
pains  to  render  the  former  clear,  and  to  distinguish  in  the 
latter  what  is  ascertained,  from  what  is  still  undetermined. 

Edinburgh,  Feb,  1.  1827. 


PREFACE 


TO 


THE    SECOND    EDITION 


IN  preparing  a  second  edition  for  the  press,  I  have 
taken  advantage  of  the  most  recent  information  ; 
and  it  affords  me  much  pleasure  to  observe,  that  in  the 
space  of  a  few  months,  the  Science  of  Chemistry  has  been 
enriched  with  a  variety  of  interesting  facts.  The  inaccu- 
racies which  found  their  way  into  the  former  edition,  I  have 
been  at  much  pains  to  correct  in  the  present ;  and  subjects 
which  brevity  obscured,  have  been  more  clearly  stated  and 
more  amply  discussed.  The  section  on  electricity  is  al- 
most wholly  new,  and  that  on  galvanism  materially  en- 
larged. A  short  article  on  crystallization,  which  want 
of  time  prevented  me  from  preparing  for  the  first  edition, 
has  been  inserted  in  the  present.  Owing  to  these  circum- 
stances, the  size  of  the  work  is  somewhat  increased.  The 
plan,  however,  is  entirely  unchanged ;  and  the  additions 
are  made  solely  with*  the  view  of  completing  the  original 
design,  and  rendering  the  work  altogether  a  more  useful 
guide  to  the  student. 

Uppek  Goweb  Stbeet, 
October  1.  1828. 


ADVERTISEMENT 


OF 


THE   AMERICAN  EDITOR. 


IN  preparing  for  the  press  the  present  edition  of  the  de- 
servedly popular  Elements  of  Dr  Turner,  the  editor  has 
taken  pains  to  insure  its  correctness,  by  a  careful  revision 
of  the  English  copy,  and  attention  to  the  proof-sheets.  In 
the  course  of  his  labours,  a  considerable  number  of  inac- 
curacies have  been  detected,  the  correction  of  which,  in 
the  present  edition,  will  render  it  more  valuable  to  the  stu- 
dent. 

The  notes  of  the  editor  are  distinguished  by  the  letter  B. 
They  were  written  as  the  printing  of  the  work  progressed, 
and  under  circumstances  that  precluded  the  exercise  of  much 
research.  For  the  most  part  they  will  be  found  explana- 
tory or  supplementary,  though  occasionally  critical.  It  has, 
however,  been  rarely  found  necessary  to  differ  from  the  au- 
thor, who  has  certainly  evinced,  in  the  composition  of  his 
treatise,  the  talents  of  an  accurate  chemist,  and  a  neat  and 
perspicuous  writer.  The  annotations  might  easily  have 
been  extended,  had  it  been  deemed  expedient ;  but  the 
editor  felt  unwilling  to  swell  the  work  by  numerous  notes, 
lest  any  considerable  addition  to  its  size  might  render  it 
less  convenient  as  a  manual  for  the  student. 

Philadelphia,  May  1830. 
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MATERIAL  substances  are  endowed  with  two  nds  of  proper- 
ties, physical  and  chemical ;  and  the  study  of  the  phenomena 
occasioned  by  them  has  given  rise  to  two  corresponding  branches  of 
Itnowledge,  JVdtural  Philosophy  and  Chemistry, 

The  physical  properties  are  either  general  or  secondary.  The  first 
are  so  called  because  they  are  common  to  all  bodies ;  the  latter  from 
being  observable  in  some  substances  only.  Among  the  first  may  be 
enumerated  extension,  impenetrability,  mobility,  extreme  divisibility, 
gravitation,  porosity,  and  indestructibility. 

Extension  is  the  property,  of  occupying  a  certain  portion  of  space. 
A  substance  is  said  to  be  extended  when  it  possesses  length,  breadth, 
and  thickness.  By  impenetrability  is  meant  that  no  two  portions  of 
matter  can  occupy  the  same  space  at  the  same  moment.  Every  thing 
that  possesses  extension  and  impenetrability  is  matter. 

Matter,  though  susceptible  of  motion,  has  no  power  either  to  move 
itself,  or  arrest  its  progress  when  an  impulse  is  once  communicated  to 
it  This  indifference  to  rest  or  motion  has  been  expressed  by  the 
term  vis  inertia^  as  if  it  depended  on  some  specific  force  resident  in 
matter;  but  it  may  with  greater  propriety  be  regarded  as  a  negative 
character,  in  consequence  of  which  matter  is  wholly  given  up  to  the 
operation  of  the  various  forces  which  are  constantly  acting  upon  it. 

Matter  is  divisible  to  an  extreme  degree  of  minuteness.  A  grain  of 
gold  may  be  beaten  out  into  so  fine  a  leaf  as  to  cover  50  square  inches 
of  surface,  and  contain  two  millions  of  visible  points;  and  yet  the  gold 
which  covers  the  silver  wire  used  in  making  gold  lace,  is  spread  over 
a  surface  twelve  times  as  great.  (Nicholson's  Introduction  to  Natural 
Philosophy,  vol.  i.)  By  chemical  means  a  still  more  minute  division 
may  be  effected. 

A  keen  controversy  existed  at  one  time  concerning  the  divisibility 
of  matter;  some  philosophers  contending  that  it  is  infinitely  divisible, 
while  9thers  maintained  an  opposite  opinion.    Owing  to  the  imperfec- 
tion of  our  senses  the  question  cannot  be  determined  by  direct  experi- 
ment, because  matter  certainly  continues  to  be  divisible  long  after 
having  ceased  to  be  an  object  of  sense.    The  decision,  if  effected  at  all, 
can  only  be  accomplished  by  indirect  means.    In  favour  of  the  first 
view  it  was  urged,  that  to  whatever  degree  matter  is  divided,  it  may 
still  be  conceived,  in  possessing  extension,  to  be  divisible  into  tiv* 
parts;  and  the  minuteness  to  which  matter  may  actually  be  redue 
gave  additional  weight  to  this  argument.    Plausible,  however,  at  t 
mode  of  reasoning  may  appear,  Oie  opposite  opinion  is  da\\y  becoib 
moregenersL    It  is  now  commonW  believed  that  maUet  couniV. 
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ultimate  particles  or  molecules,  which  are  thought  to  be  iodivisible  i 
and  according  to  this  belief  have  received  the  appellation  of  atomt, 
(From  the  privative  a.  and  rt/Av»  I  cut.)  The  grounds  of  tbli  opinion 
are  derived  from  certain  astronomical  phenomena,  from  the  laws  of 
chemical  union,  and  the  relations  which  have  been  observed  to  exist 
between  the  composition  and  form  of  crystallized  bodies.  These 
subjects  will  be  considered  in  their  proper  place ;  but  I  may  observe 
here,  in  order  to  show  the  nature  of  the  argument,  that  the  supposed 
existence  of  atoms  affords  a  ready  explanation  of  various  well  ascer- 
tained facts,  which  otherwise  would  be  totally  inexplicable. 

All  bodies  descend  in  straight  lines  towards  the  centre  of  the  earth, 
when  left  at  liberty  at  a  distance  from  its  surface.  The  power  which 
produces  this  effect  is  termed  gravity,  the  attraction  of  gravitation,  or 
terrestrial  attraction  ;  and  the  force  required  to  separate  a  body  from 
the  surface  of  the  earth,  or  prevent  it  from  descending  towards  it,  is 
called  its  weight.  Every  particle  of  matter  is  equally  affected  by 
gravity  ;  and  therefore  the  weight  of  any  body  will  be  proportional  to 
the  number  of  ponderable  particles  which  it  contains. 

The  minute  particles  of  which  bodies  consist  are  disposed  in  such  • 
manner  as  to  leave  certain  intervals  or  spaces  between  them,  and  this 
arrangement  is  called  porosity »  These  interstices  may  sometimes  be 
seen  by  the  naked  eye,  and  frequently  by  the  aid  of  glasses.  But 
were  they  wholly  invisible,  it  would  still  be  certain  that  they  exist. 
All  substances,  even  the  roost  compact,  may  be  diminished  in  bulk 
either  by  mechanical  force  or  a  reduction  of  temperature.  It  hence 
follows  that  their  particles  must  touch  each  other  at  a  very  few  points 
only,  if  at  all ;  for  if  their  contact  was  so  perfect  as  to  leave  no  in- 
terstitial spaces,  then  would  it  be  impossible  to  diminish  the  dimensions 
of  a  body,  because  matter  is  incompressible  and  cannot  yield.-— When 
therefore  a  body  expands,  the  distance  between  its  particles  is  in- 
creased ;  and,  conversely,  when  it  contracts  or  diminishes  in  size,  its 
particles  approach  each  other. 

By  indestructibility  is  meant  that,  according  to  the  present  laws  of 
nature,  matter  never  ceases  to  exist.  This  statement  seems  at  first 
view  contrary  to  fact.  Water  and  volatile  substances  are  dissipated 
by  heat,  dnd  lost ;  coals  and  wood  are  consumed  in  the  fire,  and  dis- 
appear. But  in  these  and  all  similar  phenomena  not  a  particle  of 
matter  is  annihilated.  The  apparent  destruction  is  merefly  owing  to  a 
change  of  form  or  composition ;  for  the  same  material  particles,  after 
having  undergone  any  number  of  such  changes,  may  still  be  proved  to 
possess  the  characteristic  properties  of  matter. 

The  secondary  properties  of  matter  are  opacity,  transparency, 
softness,  hardness,  elasticity,  colour,  density,  solidity,  fluidity,  andi 
the  like.  The  condition  of  bodies  with  respect  to  several  of  these 
properties  seems  dependent  on  the  operation  of  two  opposite  forces 
—cohesion  and  repulsion.  To  understand  how  the  particles  of  a 
body  can  attach  themselves  to  one  another  and  form  a  whole,  we 
must  suppose  them  endowed  with  a  power  of  reciprocal  attraction. 
This  force  is  called  cohesion,  cohesive  attraction,  or  the  attraction  of 
aggregation,  in  order  to  distinguish  it  from  terrestrial  attraction. 
Gravity  is  exerted  between  different  masses  of  matter,  and  acts  at  sen- 
sible and  frequently  at  very  great  distances ;  while  cohesion  exerts  itf 
influence  only  at  insensible  and  infinitely  small  distances.  It  enables 
similar  molecules  to  cohere,  and  tends  to  keep  them  in  that  condition, 
'^il^best  exemplified  by  the  resistance  which  a  hard  body,  such  a* 
"•marble,  a/Tonlf  to  being  biokeo  by  any  external  force. 
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The  tendency  of  cohesion  is  manifestly  to  bring  the  ultimste  parti- 
cles of  bodies  into  immediate  cootact:  aod  such  would  be  the  result 
of  its  influence,  were  it  not  couuteracted  by  an  opposing  force,  a 
principle  of  repulsion,  which  prevents  their  approximation.    It  is  a 

S moral  opinion  among  philosophers,  supported  by  very  strong  facts, 
at  this  repulsion  is  owing  to  the  agency  of  caloric,  which  is  some- 
how attached  to  the  elementary  molecules  of  matter,  causing  them  to 
repel  one  another.  Material  substances  are  therefore  subject  to  the 
action  of  two  contrary  and  antagonizing  forces,  one  tending  to 
separate  their  particles,  the  other  to  bring  them  into  closer  proximity*. 
The-  form  of  bodies,  as  to  solidity  and  fluidity,  is  determined  by  the 
relative  intensity  of  these  powers.  Cohesion  predominates  in  solids, 
in  consequence  of  which  their  particles  are  prevented  from  moving 
freely  on  one  another.  The  particles  of  a  fluid,  on  the  contrary,  are 
far  less  Influenced  by  cohesion,  being  free  to  move  on  each  other  with 
very  slight  friction.  Fluids  are  of  two  kinds,  elastic  fluids  or  aeriform 
sufaatances,  and  inelastic  fluids  or  liquids.  Cohesion  seems  wholly 
wanting  in  the  former ;  they  yield  readily  to  compression,  and  expand 
when  the  pressure  is  removed;  indeed,  the  space  they  occupy  is 
chiefly  determined  by  the  force  which  compresses  them.  The  Utter, 
on  the  contrary,  do  not  yield  perceptibly  to  ordinary  degrees  of  com- 
pression, nor  does  an  appreciable  dilatation  ensue  from  the  removal  of 
pressure,  the  tendency  of  repulsion  being  in  them  counterbalanced  by 
cohesion. 

Matter  is  subject  to  another  kind  of  attraction  different  from  those 
vet  mentioned,  termed  Comical  attraction  or  affinity.  Like  co- 
oesion  it  acts|only  at  insensible  distances,  and  thus  differs  entirely  from 
gravity.  It  is  distinguished  from  cohesion  by  being  exerted  between 
dissimilar  particles  only,  while  the  attraction  of  cohesion  unites  similar 
particles.  Thus,  a  piece  of  marble  is  an  aggregate  of  smaller  portions 
of  marble  attached  to  one  another  by  cohesion,  and  the  parts  so  at- 
tached  are  called  integrant  particles  ,*  each  of  which,  however 
minute,  is  as  perfect  marble  as  the  mass  itself.  But  the  integrant 
particles  consist  of  two  substances,  lime  and  carbonic  acid,  which  are 
different  from  one  another  as  well  as  from  marble,  and  are  united  by 
chemical  attraction.  They  are  the  component  or  constituent  parts  of 
marble.  The  integrant  particles  of  a  body  are  therefore  aggregated 
together  by  cohesion;  the  component  parts  are  united  by  affinity. 

The  chemical  properties  of  bodies  are  owing  to  affinity,  and  every 
chemical  phenomenon  is  produced  by  the  operation  of  this  principle. 
Though  it  extends  its  influence  over  all  substances,  yet  it  affects  them 
In  very  different  degrees,  and  is  subject  to  peculiar  moditications.  Of 
three  bodies.  A,  B,  and  C,  it  is  often  found  that  B  and  C  evince  no 
affinity  for  one  another,  and  therefore  do  not  combine  ;  that  A,  on  the 
contrary,  has  an  affinity  for  B  and  C,  and  can  enter  into  separate  com- 
bination with  each  of  them ;  but  that  A  has  a  greater  attraction  for  C 
than  for  B,  so  that  if  we  bring  C  in  contact  with  a  compound  of  A  and 


*  It  should  be  borne  in  mind,  however,  that  the  force  which  tends  to 
bring  the  elementary  molecules  into  closer  proximity,  is  derived  from  an 
innate  property  of  ponderable  matter ;  while  the  force  which  tends  to 
separate  them  is  dependent  on  the  operation  of  a  distinct  principle, 
caloric,  whose  particles,  being  self-repellent,  force  the  ponderable  parti- 
cles apart.  In  order  to  explain  why  the  caloric  remains  attached  to  th«  .^ 
ponderable  molecules,  it  is  necessary  to  suppose  iWV.  \Vs  ^^\\Ac\«ki 
Aoqfb gelf-repelleat,  have  an  attfacUon  for  pondeiabW  millet,   ^ft^  W 
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B,  A  will  quit  B  and  unite  by  preference  with  C.  The  anion  of  two 
gtibatanccs  is  called  combination;  and  its  result  is  the  formation  of  a 
new  body  endowed  with  properties  peculiar  to  itself,  and  different  (lom 
those  of  its  constituents.  The  change  is  frequently  attended  by  the 
destruction  of  a  previously  existing  compound,  and  in  that  case  decom' 
position  is  said  to  be  effected. 

The  operation  of  chemical  attraction,  as  thus  explained,  obvioofly 
lays  open  a  wide  and  interesting  field  of  inquiry.  One  may  study ,^01 
example,  the  affinity  existing  between  different  substances  ;  an  attempt 
may  be  made  to  discover  the  proportion  in  which  they  unite ;  inil 
fmally,  after  collecting  and  arranging  an  extensive  series  of  insalated 
facts,  general  conclusions  may  be  deduced  from  theiii.  Hence  che- 
mistry may  be  defined  the  science,  the  object  of  which  is  to  exantioe 
the  relations  that  affinity  establishes  between  bodies,  ascertain  with 
precision  the  nature  and  constitution  of  the  compounds  it  produces, 
and  determine  the  laws  by  which  its  action  is  regulated. 

Material  substances  are  divided  by  the  chemis.t  into  simple  and  com- 
pound. He  regards  those  bodies  as  compound  which  may  be  resolv- 
ed into  two  or  more  parts,  and  those  as  simple  or  elementary,  which 
contain  bnt  one  kind  of  ponderable  matter.  The  number  of  the  latter 
amounts  only  to  fifty-two;  and  of  these  all  the  bodies  in  the  earth,  as 
far  as  our  knowledge  extendi,  are  composed.  The  list,  a  few  years 
ago,  was  somewhat  different  from  what  it  is  at  present ;  for  the  acqai- 
flition  of  improved  methods  of  analysis  has  enabled  chemists  to  de- 
monstrate that  some  substances,  which  were  once  supposed  to  be. 
simple,  are  in  reality  compound ;  and  it  is  probable  that  a  similar  fate 
awaits  some  of  those  which  are  at  present  regarded  as  simplo. 

The  composition  of  a  body  may  bo  determined  in  two  ways,  analy- 
tically or  synthetically.  By  the  first  method,  the  elements  of  a  com- 
pound are  separated  from  one  another,  as  when  water  is  resolved  by 
the  agency  of  galvanism  into  oxygen  and  hydrogen  ;  by  the  second, 
they  arc  made  to  combine,  as  when  oxygen  and  hydrogen  unite  by 
the  electric  spark,  and  generate  a  portion  of  water.  Each  of  these 
kinds  of  proof  is  satisfactory;  but  when  they  are  conjoined, — when  we 
first  resolve  a  particle  of  water  into  its  elements,  and  then  reproduce 
it  by  causing  them  to  unite,  the  evidence  is  in  the  highest  degree  con- 
clusive. 

I  have  followed,  in  the  composition  of  this  Treatise,  the  same  gene- 
ral arrangement  which  I  adopt  in  my  lectures.  It  is  divided  into  four 
principal  parts.  In  the  first  I  shall  treat  of  the  Imponderables, — 
agents  of  so  diffusible  and  subtile  a  nature,  that  the  common  attributes 
of  matter  cannot  be  perceived  in  them.  They  are  altogether  desti- 
tute of  weight ;  at  least,  if  they  possess  any,  it  cannot  be  discovered 
by  our  most  delicate  balances.  They  cannot  be  confined  and  exhib- 
ited in  mass  like  ordinary  bodies ;  they  can  be  collected  only  through 
the  intervention  of  other  substances.  Their  title  to  be  considered  ma- 
terial is  therefore  questionable,  and  the  effects  produced  by  them  have 
accordingly  been  attributed  by  some  to  certain  motiops  or  affections 
of  common  matter.  It  must  be  admitted,  however,  that  they  appear 
to  be  subject  to  the  same  powers  that  act  on  matter  in  general,  and 
that  some  of  the  laws  which  have  been  determined  concerning  them, 
are  exactly  such  as  might  have  been  anticipated  on  the  supposition  of 
their  materiality.  It  hence  follows,  that  we  need  only  regard  them  as 
subtile  species  of  matter,  in  order  that  the  phenomena  tq  which  they 
l|lTe  rise  may  be  explained  in  the  language,  and  according  to  the  prin- 
«$»/«#  which  are  applied  to  material  substances  \u  ^eueiraA^  ^udl  aUall 
^*^gfefg  eoasidefthem  such  in  my  subsequeul  temw^a. 
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The  seeond  part  comprises  Inorganic  ChemUiry.  It  includes  the 
doctrine  of  affinity,  and  the  laws  of  combination,  together  with  the 
chemical  history  of  all  the  elementary  principles  hitherto  discovered* 
and  of  those  compound  bodies  which  are  not  the  product  of  orsaniza- 
tibn.  The  elementary  bodies  are  divided  into  the  non-metalUc  and 
metallic ;  and  the  substances  contained  in  each  division  are  treated  in 
the  order  which,  it  Is  conceived,  will  be  most  convenient  for  the  pur- 
poses of  teaching.  From  the  important  part  which  ozvgen  plays  in 
the  economy  of  nature,  it  is  necessary  to  begin  with  the  description 
of  that  principle ;  and  from  the  tendency  it  has  to  unite  with  other  bo- 
dies, as  well  as  the  importance  of  the  compounds  it  forms  with  them. 
It  win  be  useful,  in  studying  the  history  of  each  elementary  body,  to 
describe'the  combinations  into  which  it  enters  with  oxygen  gas.  The 
remaining  compounds  which  the  non-metallic  substances  form  with 
one  anouer,  will  next  be  considered.  The  description  of  the  individ- 
ual metals  will  be  accompanied  by  a  history  of  their  combinations,  first 
'with  the  simple  non-metallic  bodies,  and  afterwards  with  one  ano- 
ther.   The  last  division  of  this  part  will  comprise  a  history  of  the  salts. 

The  third  ecneral  division  of  the  work  is  on  Organic  Chemistry,  a 
subject  which  will  be  conveniently  discussed  under  two  heads,  the 
one  comprehending  the  products  of  vegetable,  the  other  of  animal  life. 

The  fourth  part  contains  brief  directions  for  the  performance  of  ana- 
lysis. 
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SECTION  I. 
caLORia 

THE  (erm  Seed,  in  common  language,  has  two  meanings  :  in  the 
one  case,  it  implies  the  sensation  experienced  on  touching  a  hot 
body ;  in  the  other,  it  apresses  the  cause  of  that  sensation.  To  avoid 
any  ambiguity  that  may  arise  from  the  use  of  the  same  expression  in 
two  such  different  senses,  (thas  been  proposed  to  employ  the  word 
Calorie  to  signify  exclusively  the  principle  or  cause  of  the  feeling  of 
heat,  and  the  use  of  this  term  has  now  become  so  general,  that  I 
have  adopted  it  in  the  present  treatise. 

Caloric,  on  the  supposition  of  its  being  material,  is  a  subtile  fluid, 
the  particles  of  which  repel  one  another,  and  are  attracted  by  all  other 
substances.  It  is  imponderable ;  that  is,  it  is  so  exceedingly  light  that 
a  body  undergoes  no  appreciable  change  of  weight,  either  by  the  ad- 
dition or  abstraction  of  caloric.  It  is  present  in  all  bodies,  and  can- 
not be  wholly  separated  from  them.  For  if  we  take  any  substance 
whatever,  at  any  temperature,  however  low,  and  transfer  it  into  an  at- 
mosphere* whoffe  temperature  is  still  lower,  a  thermometer  will  indi- 
cate that  calorie  is  escaping  from  it.  That  its  particles  repel  one  ano- 
ther, is  proved  by  observing  that  it  flies  off  from  a  heated  body ;  and 
thct  it  is  attracted  by  other  substances,  is  equally  manifest  from  the 
tendency  U  has  to  penetrate  their  particles,  and  be  retained  by  them. 
Caloric  may  be  transferred  from  one  body  to  another.  Thus,  if  a 
cop  of  mercury  M  60°  be  plunged  into  hot  water,  caloric  passes  rapidly 
.from  one  into  the  other,  until  the  temperature  in  both  is  the  same  ; 
that  is,  till  a  tbennometer  placed  in  each  stands  at  the  same  ^'^'ght. 
All  bodies  on  the  earth  are  constantly  tending  to  attain  an  e^ 
what  is  technically  called  an  equilibrium  of  temperature, 
amp^,  a  number  of  substances  of  different  tem|ieratures  I 
in  aa  apartment,  m  which  there  is  no  actual  source  of  caloH 
very  soon  acquire  an  equilibrium,  so  that  a  thermometer  v 
the  Bnme  point  in  all  of  them.  The  varying  sensaliofka  *^ 
cold,  which  itweMjmneaee,  are  owing  t»  a  Uke  c&om.    O 
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a  hot  body,  calorie  passes  from  it  into  the  hand,  and  etcites  the  feeting 
of  warmth  ;  when  we  touch  a  cold  body,  caloric  is  communicated  to  it 
from  the  hand,  and  thus  produces  the  sensation  of  cold. 

As  the  transportation  of  caloric  is  constantly  going  forward,  it  is  im- 
portant to  determine  by  what  means,  and  according  to  what  kws,  the 
equilibrium  is  established.  When  any  substance  is  brought  into  coD« 
tact  with  another,  which  differs  from  it  in  temperature, — if,  for  exam- 
ple, a  cold  bar  of  iron  be  thrust  among  glowing  embers,  or  a  hot  ball 
of  the  same  metal  be  plunged  into  a  basin  of  cold  water, — the  ezcen 
of  caloric  in  the  hot  body  passes  rapidly  to  the  particles  on  tiie  sur&ee 
of  the  other ;  from  them  it  is  transferred  to  those  situated  more  intep 
nally,  and  so  forth,  till  the  bar  in  the  one  case,  and  the  ball  in  the  other 
arrive  at  the  same  temperature  as  the  embers  or  the  water  with  which 
they  are  in  contact.  In  such  instances,  caloric  is  said  to  pass  by  eom- 
tnunieation,  or  to  be  communicated  from  one  body  to  another;  and 
in  its  passage  through  any  one  of  those  bodies,  it  is  said  to  be  conduct- 
ed by  them. 

But  when  a  heated  substance  is  placed  under  such  circumstances  as 
to  preclude  the  possibility  of  its  caloric  tieing  communicated, — for  in- 
stance, when  a  glass  globe  full  of  hot  water  is  suspended  in  the  va- 
cuum of  an  air-pump, — the  excess  of  its  caloric  still  passes  away,  and 
in  a  very  short  time  it  will  have  acquired  the  temperature  of  the  sur- 
rounding objects.  It  must  then  be  capable  of  passing  from  one  body 
to  another  situated  at  a  sensible  distance ;  it  is  projected  as  it  were 
from  one  to  the  other.  In  order  that  its  passage  should  take  place  in 
this  manner,  it  is  not  necessary  that  the  body  should  be  in  vacuo;  it 
passes  with  equal  facility  through  the  air  as  through  a  vacuum. 

It  follows,  therefore,  that  in  establishing  an  equilibrium  of  tempera- 
ture, caloric  is  distributed  among  the  surrounding  objects  in  two 
ways ;  partly  through  the  means  of  intermediate  bodies,  or  by  comeM- 
nication,  partly  in  consequence  of  an  interchange  established  from  a 
distance,  or  by  radiation. 

Communication  of  Caloric. 

Caloric  passes  through  bodies  with  different  degrees  of  veloci- 
ty. Some  substances  oppose  very  little  impediment  to  its  passage, 
while  it  is  transmitted  slowly  by  others.  Daily  experience  teaches, 
that  though  we  cannot  leave  one  end  of  a  rod  of  iron  for  some  time  in 
the  fire,  and  then  touch  its  free  extremity,  without  danger  of  being 
burnt;  yet  this  may  be  done  with*  perfect  safety  with  a  rod  of  glass  or 
of  wood.  The  caloric  will  speedily  traverse  Uie  iron  bar,  eo  that  at 
the  distance  of  a  foot  from  the  fire,  it  is  impossible  to  support  its  beat ; 
while  we  may  hold  a  piece  of  red  hot  glass  two  or  three  inches  from 
its  extremity,  or  keep  a  piece  of  burning  charcoal  in  the  hand,  thov^h 
the  part  in  combustion  is  only  a  few  lines  removed  from  the  skin.  The 
observation  of  these  and  similar  facts,  has  led  to  a  division  of  bodies 
into  conductors  and  non-conductors  of  caloric.  The  former  division, 
of  course,  includes  those  bodies  which  allow  caloric  to  pass  freely 
through  their  substance,  such  as  metals ;  and  the  latter  comprises  those 
which  do  not  give  an  easy  passage  to  it,  such  as  stones,  glass,  wood 
and  charcoal. 

Various  methods  have  been  adopted  for  determining  the  relative 
conducting  power  of  different  substances.  The  mode  adopted  by  In- 
genhouz,*  who  made  experiments  on  this  subject,  is  the  following. 
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He  covere<1  small  rods  of  the  same  form/size,  and  length,  but  of  diflfer- 
eoC  materials,  with  a  layer  of  wax,  plunged  their  extremities  into  heat- 
ed oil,  and  noted  to  what  distance  the  wax  was  melted  on  each  dur- 
ing the  same  interval.  The  metals  were  found,  by  this  method,  to 
conduct  caloric  better  than  any  other  substances ;  and  of  the  metals, 
silver  is  the  best  conductor ;  gold  comes  next,  then  tin  and  copper, 
which  are  nearly  equal ;  then  iron,  platinum  and  lead. 

Some  experiments  have  lately  been  made  by  M.  Despretz,  appa- 
rently  with  great  care,  on  the  relative  conducting  power  of  the  metals 
and  some  other  substances,  and  the  results  are  contained  in  the  follow- 
ing table.     (An.  de  Ch.  et  Ph.  xxxvi.  422.) 

Gold  .       1000  Tin  .      S03.9 

Silver  .        973  Lead  .       179.6 

Copper         .      *  898.2  Marble  .        23.6 

Platinum      .         381*  Porcelain      .        12.2 

Iron  .        374.3  Fine  clay      .        11.4 

Zinc  .         363 

The  substances  employed  for  these  experiments  were  made  info 
prisms  of  the  same  form  and  size.  To  one  extremity  a  regular  source 
of  beat  was  applied,  and  the  passage  of  caloric  along  the  bar  was  esti- 
mated by  smyll  thermometers  placed  at  regular  distances,  with  their 
bulbs  fixed  in  the  substance  of  the  prism. 

An  ingenious  plan  was  adopted  by  Count  Rumfordf  for  ascertaining 
the  relative  conducting  powers  of  the  different  materials  employed  for 
clothing.  He  enveloped  a  thermometer  in  a  glass  cylinder  blown  into 
a  ball  at  its  extremity,  and  filled  the  interstices  with  the  substance  to 
be  examined.  Having  heated  the  apparatus  to  the  same  temperature 
in  every  instance  by  immersing  it  in  boiling  water,  he  transferred  it 
into  melting  ice,  and  observed  carefully  the  number  of  seconds  which 
elapsed  during  the  passage  of  the  thermometer  through  135  degrees. 
When  there  was  air  between  the  thermometer  and  cylinder,  the  cool- 
ing took  place  in  576  seconds  ;  when  the  interstice  was  filled  with  fine 
lint,  it  took  place  in  1032"  ;  with  cotton  wool  in  1046";  with  sheep's 
wool  in  1118";  with  raw  silk  in  1284";  with  beaver's  fur  in  1296"; 
with  eider  down  in  1305"  ;  and  with  hare's  fur  in  1315".  The  general 
practice  of  mankind  is  therefore  fully  justified  by  experiment.  In 
winter  we  retain  the  animal  heat  as  much  as  possible  by  covering  the 
body  with  bad  conductors,  such  as  silk  or  woollen  stuffs  ;  and  in  sum- 
mer, cotton  or 'linen  articles  are  employed  with  an  opposite  intention. 
A  variety  of  familiar  phenomena  arise  from  the  difference  of  con- 
ducting power.  Thus  if  a  piece  of  iron  and  glass  be  heated  to  the 
same  degree,  the  sensation  they  communicate  to  the  hand  is  very 
different ;  the  iron  will  give  the  sensation  of  burning,  while  the  glass 
feels  but  moderately  warm.  The  quantity  of  caloric,  which  in  a  given 
time  may  be  brought  to  the  surface  of  the  heated  body,  so  as  to  pass 
into  the  skin,  is  much  greater  in  the  iron  than  in  the  glass,  and  there- 

*^"^— i**M^«^»^iP—— ^  ■■       ■  ^^»—    111---  MJ  II  ■»  l»  ■■■»■■■  ^■l^»M  — ^^■^M^^M^i^*^— 

*  In  the  table  as  it  originally  stood  in  the  second  English  edition 
of  this  work,  the  conductibility  of  platinum  is  made  superior  even  to 
that  of  silver.     Dr  Turner  very  justly  remarks,  "  There  must  certainly 
be  some  mistake  in  the  experiments  or  calculations  of  M.  Despretz,  or 
in  the  report  of  them;"  and  in  this  Dr  Turner  is  perfectly  correct. 
Upon  consulting  Berzelius's  Traits  de  Chimie,  M.  Despretz's  table  is 
given,  and  the  number  for  platinum  stated  at  381.    1  V\av«  te&Vox^^  \.^ 
pht'wum  itM  proper  place  and  number  in  the  table,  iiiid  CMXC^^'t^  w 
aiKh  oftbeauthiH^Biext  as  relates  to  the  error.    B. 
/  Hum  ford,  Pbil,  Tr.  1792, 
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ion  in  the  former  ease  the  sensation  must  be  more  aeote.  TUi 
proves  that  the  sense  of  touch  is  a  very  fallaeioas  test  of  heat  and  eoU; 
and  henee,  on  applying  the  band  to  various  contiguons  objects,  wt 
are  very  apt  to  form  wrong  notions  of  their  temperature.  Tlie  carpet 
will  feel  nearly  as  warm  as  the  hand  ;  a  book  will  feel  cool,  the  table 
cold,  the  marble  chimney-piece  colder,  and  the  candle-stick  eolder 
still ;  yet,  a  thermometer  applied  to  them  will  stand  in  all  at  exactly  the 
same  elevation.  They  are  all  colder  than  the  hand ;  bat  those  that 
carry  away  caloric  most  rapidly,  excite  the  strongest  sensation  of  cold. 

The  conducting  power  of  solid  bodies  does  not  seem  to  be  ndated 
to  any  of  the  other  properties  of  matter ;  but  it  approaches  nearer  tt 
the  ratio  of  their  densities  than  to  that  of  any  other  property.  Count 
Rumford  found  a  considerable  difference  in  the  conducting  power 
even  of  the  same  material,  according  to  the  state  in  which  It  was  em- 
ployed. His  observations  seem  to  warrant  the  conclusion,  that  in  the 
same  substance  the  conducting  power  increases  with  the  eompaetnen 
of  structure. 

Liquids  may  be  said,  in  one  sense  of  the  word,  to  have  the  power 
of  communicating  caloric  with  great  rapidity,  and  yet  they  are  veiy 
imperfect  conductors.  The  transmission  of  caloric  from  particle  Is 
particle  does  in  reality  take  place  very  slowly ;  but  in  consequence  of 
the  mobility  of  their  particles  upon  each  other,  there  are  peculiar  in- 
ternal movements,  which  under  certain  circumstances  may  be  occa- 
sioned in  them  by  increase  of  temperature,  and  which  do  more  tluM 
compensate  for  the  imperfect  conducting  power  with  which  they  are 
really  endowed. 

When  certain  particles  of  a  liquid  are  heated  they  expand,  and  thtH 
become  specifically  lighter  than  those  which  have  not  yet  received  ao 
merease  of  temperature ;  and  consequently,  according  to  a  well-know* 
law  in  physics,  the  colder  and  denser  particles  descend,  while  the 
warmer  ones  are  pressed  upwards.  It  therefore  follows  that  if  caloric 
enter  at  the  bottom  of  a  vessel  containing  any  liquid,  a  double  set  of 
currents  must  be  immediately  established,  the  one  of  hot  particles  ris- 
ing towards  the  surface;  and  the  other  of  colder  particles  deseendiof; 
to  the  l>ottom.  Now  these  currents  take  place  with  such  rapidity, 
that  if  a  thermometer  be  placed  at  the  bottom,  and  another  at  the  top 
of  a  long  jar,  the  fire  being  applied  below,  the  upper  one  will  begin  to 
rise  almost  as  soon  as  the  lower.  Hence,  under  certain  circmnstao- 
ces,  caloric  is  rapidly  communicated  through  liquids. 

But  if,  instead  of  heating  the  bottom  of  the  jar,  the  calorie  is  made 
to  enter  by  the  upper  surface,  very  different  phenomena  will  be  obser- 
ved. The  intestine  movements  cannot  now  be  formed,  because  the 
heated  particles  have  a  tendency  to  remain  constantly  at  the  top ;  the 
caloric  can  descend  through  the  fluid  only  by  transmission  from  pa^ 
tide  to  particle,  a  process  which  takes  place  so  very  tardily,  as  to 
have  induced  Count  Rumford  to  deny  that  water  can  conduct  at  all. 
In  this  he  was  mistaken ;  for  the  opposite  opinion  has  been  success- 
fully supported  by  Dr  Hope,  Dr  Thomson,  and  the  late  Dr  Murray, 
though  they  all  admit  that  water,  and  liquids  in  general,  mercury  ex- 
cepted, possess  the  power  of  conducting  caloric  in  a  very  slight  de- 
gree. 

It  is  extremely  difficult  to  estimate  the  condocting  power  of  aeri- 
form fluids.    Their  particles  move  so  freely  on  each  other,  that  the 
moment  a  particle  is  dilated  by  a  caloric,  it  is  pressed  upwards  with 
great  velocity  by  the  descent  of  colder  and  heavier  particles,  so  tiMt 
ut  a$ceadmg  and  descending  eonenlia  VnslanW^  «iA^>eu^^,   1&%- 
Jtide8,  these  bodies  allow  a  passage  tbton^  lYk«tii  in  Tft.dAaX\nTk.  "^Mn 
the  quantity  of  caloric  wluch  passea  by  \)M(ie  Vvio  imcidc\i\b  itt  tow 
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l^retter  than  that  which  is  conducted  from  particle  to  particle,  that  we 
posaeti  no  means  of  determiniog  their  proportion.  It  is  certain,  how- 
ever, that  the  conducting  power  of  gaseous  fluids  is  exceedingly  im- 
perfect^ probably  even  more  so  than  that  of  liquids. 

Radiation. 

When  the  band  is  placed  beneath  a  hot  body  suspended  in  the  air, 
a  distinct  sensation  of  warmth  is  perceived,  though  from  a  considera- 
ble distance.  This  effect  does  not  arise  from  the  caloric  being  con- 
veyed by  means  of  a  hot  current ;  for  all  the  heated  particles  have  a 
uniform  tendency  to  rise.  Neither  can  it  depend  upon  the  conducting 
power  of  the  air ;  since  aerial  substances  possess  that  power  in  a  very 
low  degree,  while  the  sensation  in  the  present  case  is  excited  almost 
on  the  instant.  There  is  yet  another  mode  by  which  caloric  passes 
from  one  body  to  another ;  and  as  it  takes  place  in  all  gases,  and  even  in 
vacuo,  it  is  inferred  that  the  presence  of  a  medium  is  not  necessary  to 
its  passage.  This  mode  of  transmission  is  called  Radiation  of  Calo- 
ric, and  the  fluid  so  transmitted  is  called  Radiant,  or  Radiated 
Calorie^  It  appears,  therefore,  that  a  heated  body  suspended  in  the 
air  cools,  or  is  brought  down  to  an  equilibrium  with  surrounding  bo- 
dies, in  three  ways  ;  first,  by  the  conducting  power  of  the  air,  whose 
influence  is  very  trifling ;  secondly,  by  the  mobility  of  the  air  in  con- 
tact with  it ;  and  thirdly,  by  radiation. 

Caloric  is  emitted  from  the  surface  of  a  hot  body  equally  in  all  di- 
rections, and  in  right  lines,  like  radii  drawn  from  the  centre  to  the 
circumference  of  a  circle ;  so  that  a  thermometer  placed  at  the  same 
distance  on  any  side  would  stand  at  the  same  point,  if  the  effect  ofthe 
ascending  current  of  hot  air  could  be  averted.  The  calorific  rays,  thus 
distributed,  pass  freely  through  a  vacuum  and  the  air,  without  being 
arrested  by  the  latter  or  in  any  way  affecting  its  temperature.  When 
they  fall  upon  the  surface  of  a  solid  or  liquid  substance,  they  are  either 
reflected  from  it,  and  thus  receive  a  new  direction,  or  they  lose  their 
radiant  form  altogether,  and  are  absorbed.  In  the  latter  case,  the  tem- 
perature of  the  receiving  substance  is  increased,  in  the  former  it  is 
unchanged. 

The  absorption  of  radiant  caloric  may  be  proved  by  placing  a 
thermometer  before  the  fire,  or  any  heated  body,  when  the  mercury 
will  be  seen  to  rise  in  the  stem.  It  has  been  ascertained  by  accurate 
experiment,  and  may  be  demonstrated  mathematically,  that  the  inten- 
sity of  effect  diminishes  according  to  the  squares  of  the  distance  from 
the  radiating  point.  Thus  the  thermometer  will  indicate  four  times 
less  heat  at  two  inches,  nine  times  less  at  three  inches,  and  sixteen 
times,  less  at  four  inches,  than  it  did  when  it  was  only  one  inch  from 
the  heated  substance. 

The  existence  of  a  reflecting  power  may  be  shown  in  a  familiar 
manner,  by  standing  at  the  side  of  a  fire  in  such  a  position  that  the 
caloric  cannot  reach  the  face  directly,  and  then  placing  a  large  plate 
of  tinned  iron  opposite  the  grate,  and  at  such  an  inclination  as  permits 
the  observer  to  see  in  it  the  reflection  of  the  fire ;  as  soon  as  it  is 
brought  to  this  inclination,  a  distinct  impression  of  heat  will  be  per- 
ceived upon  the.  face.  If  a  line  be  drawn  from  the  heated  substance 
to  the  point  of  a  plane  surface  from  which  it  is  reflected,  and  a  second 
line  firom  that  point  to  the  Fpot  where  it  produces  its  effect,  the  aw^\^% 
which  these  lines  form  whh  a  Vine  perpendicu\aT  to  \\\e  \«^^c.\!vcv^ 
phne  are  equal  to  each  other,  or.  In  philosophical  \?itt^\ia^e,VVi^  w\- 
gh  ofiDcideace  ia  equal  to  the  aiigle  of  refiecUon.    ll  Vs  oti  ^t<L«i\xoJ 
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of  this  Iftw  that  when  a  heated  body  is  placed  io  the  focua  of  a  coDca?e 
parabolic  reflector,  the  diverging  rays  which  strike  upon  it  assume  a 
parallel  direction  with  respect  to  each  other ;  and  when  these  parallel 
rays  impinge  upon  a  second  concave  reflector,  standing  opposite  to 
the  former,  they  are  made  to  converge,  so  as  io  meet  io  its  focns, 
where  a  great  degree  of  heat  is  developed.  This  fact,  as  applied  to 
the  sun*s  rays  or  red  hot  bodies,  has  been  long  known.  But  it  is  a 
modern  discovery  that  caloric  emanates  in  invisible  rays,  which  are 
subject  to  the  same  laws  of  reflection  as  those  that  are  accompanied 
by  light. 

This  fact  may  be  inferred  from  the  eiicperiments  of  the  Florentine 
Academicians,  and  Lambert  observed  the  reflection  of  non-lumiDOUS 
caloric ;  but  the  honour  of  establishing  it  in  a  decisive  and  unequivo- 
cal manner  is  due  to  Messrs.  Saussure  and  Pictet*  of  Geneva,  the 
latter  of  whom,  at  the  suggestion  of  the  former,  first  proved  it  of  an 
iron  ball  heated  so  as  not  to  be  luminous  even  in  the  dark,  and  after- 
wards of  a  vessel  of  boiling  water.  For  a  knowledge  of  the  laws  of 
radiation  in  general,  however,  we  are  indebted  to  the  researches  of 
Professor  Leslie,  described  in  his  Essay  on  Heat. 

Mr  Leslie  employed  a  hollow  tin  cube  filled  with  hot  water  as  the 
radiating  substance.  The  rays  proceeding  from  it  were  brought,  by 
means  of  a  concave  mirror,  into  a  focus,  in  which  the  bulb  of  a  din 
ferential  thermometer  was  placed.  He  found  that  certain  substances 
radiate  caloric  much  more  rapidly  than  others,  and  that  the  nature  of 
the  surface  of  a  heated  body  has  a  singular  influence  upon  its  radia- 
tion. By  adapting  thin  plates  of  different  metals  to  the  sides  of  the 
tin  cube,  and  turning  them  successively  towards  the  mirror,  he  found 
a  very  variable  eflect  produced  upon  the  thermometer.  A  bright 
smooth  polished  metallic  surface  radiated  caloric  very  imperfectly; 
but  if  the  surface  was  in  the  least  degree  dull  or  rough,  the  radiating 
power  was  immediately  augmented.  By  covering  the  tin  surface 
with  a  thin  layer  of  isinglass,  paper,  wax,  or  resin,  its  power  of  radia- 
tion increased  surprisingly.  Metallic  substances  were  observed  to 
be  the  worst  possible  radiators,  particularly  such  as  are  susceptible  of 
a  high  polish,  as  gold,  silver,  tin,  and  brass ;  but  it  is  easy  to  make 
them  radiate  well  by  giving  them  the  opposite  properties,  either  by 
scratching  their  surface,  or  covering  it  with  whiting,  lamp-black,  or 
any  other  convenient  substance.  It  is  commonly  supposed  that 
black  surfaces  radiate  better  than  white  ones,  but  I  am  not  acquaint- 
ed with  any  conclusive  experiments  in  proof  of  this  opinion. 

Mr  Leslie  next  examined  the  power  of  different  substances  in  re- 
flecting caloric,  and  he  soon  arrived  at  the  interesting  conclusioDy 
that  those  surfaces  which  radiate  least  reflect  most  powerfully.    A 

Eollshed  plate  of  tin  or  brass  is  an  excellent  reflecting  surface^  but  a- 
ad  radiating  one;   by  removing  the  polish  in  any  way,  its  reflecting 
power  is  diminished  in  the  same  proportion  as  its  radiating  power  is 
increased.     His  experiments,  indeed,  justify  the  conclusion,  that  the 
faculty  of  radiation  is  inversely  as  that  of  reflection. 

There  are  only  two  modes  by  which  calorific  rays,  falling  upon  a 
solid  opake  body,  can  dispose  of  themselves  ;  they  must  either  be  re- 
flected from  it,  or  enter  into  its  substance.  In  this  case  caloric  is  said 
to  be  absorbed.  Now  it  Is  manifest,  that  those  rays  which  are  re- 
flected cannot  be  absorbed ;  and  those  which  are  not  reflected,  must 
be  absorbed.  Hence  it  follows  that  the  absorption  of  caloric  in  the 
same  body  is  inversely  as  its  reflection  *,  and  since  the  property  of  ra- 

*  Pictel's  Essai  sur \e  Fe\x,  v-  ^^»  VVlVi.^ 
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iiation  is  likewise  inversely  as  that  of  reflectioD,  the  power  of  radia- 
ting  and  absorbing  caloric  must  be  proportional  and  equal*. 

In  speaking  of  radiant  caloric,  it  is  necessary  to  distinguish  calorific 
rays  accompanied  by  light  from  those  which  are  emitted  by  a  non- 
luminous  body,  since  their  properties  are  not  exactly  similar.  Thus 
the  absorption  of  luminous  caloric,  whether  proceeding  from  the  sun 
or  a  common  fire, is  very  much  influenced  by  colour;  it  is  most  con- 
siderable in  black  and  dark  coloured  surfaces,  while  it  is  much  less  in 
white  ones.  The  influence  of  colour,  on  the  contrary,  over  the  ab- 
sorption of  non-luminous  caloric  is  exceedingly  slight ;  it  remains  to 
be  proved,  indeed,  whether  any  effect  can  fairly  be  attributed  to  this 
cause. 

It  may  be  asked,  since  radiant  ealoric  passes  without  interruption 
through  the  air,  whether  it  can  pass  in  a  similar  manner  through  solid 
transparent  media,  such  as  glass  or  rock-crystal.  The  only  point  of 
view  under  which  this  subject  can  be  considered  at  present,  is  with 
respect  to  radiant  caloric  emitted  by  a  warm  body  that  is  not  luminous. 
When  a  piece  of  clear  glass  is  placed  between  such  a  tiody  and  a 
thermometer,  the  latter  is  not  nearly  so  much  affected  as  it  would  be 
were  no  screen  interposed;  and  the  glass  itself  becomes  warm. 
These  facts  prove  that  at  least  the  greater  part  of  the  calorific  rays 
is  intercepted  by  the  glass.  But  2ie  thermometer  is  affected  to  a 
certain  degree ;  and  the  question  is,  by  what  means  do  the  rays  reach 
it  ?  Professor  Leslie  contends  that  all  the  rays  which  fall  upon  the 
glass  are  absorbed  by  it,  pass  through  its  substance  by  its  conducting 
power,  and  are  then  radiated  from  the  other  side  of  the  glass  towards 
the  thermometer,  an  opinion  which  Dr  Brewster  has  ably  supported 
by  an  argument  suggested  by  his  optical  researches.  (Phil.  Tran^. 
for  1816,  p.  106.)  The  experiments  of  Delaroche,.  on  the  contrary, 
(Biot.  Trait^  de  Physique,  v.  4.)  lead  to  the  conclusion  that  glass 
does  transmit  some  calorific  rays,  the  number  of  which,  in  relation 
to  the  quantity  absorbed,  is  greater  as  the  intensity  of  the  heat  in* 
creases ;  and  the  general  result  obtained  by  that  philosopher  agrees 
with  some  experiments  which  Dr  Christison  and  myself  performed  in 
the  year  1824  on  the  same  subject. 

The  facts  that  have  been  determined  concerning  the  laws  of  radi- 
ant caloric  have  given  rise  to  two  ingenious  modes  of  accounting  for 
the  tendency  of  bodies  to  acquire  an  equilibrium  of  temperature. 
This  takes  place,  according  to  M.  Pictet,  in  consequence  of  the  hot 
body  giving  calorific  rays  to  the  surrounding  colder  ones  till  an  equi- 
librium is  established,  at  which  moment  the  radiation  ceases.  M. 
Prevost,t  on  the  contrary,  contends  that  radiation  goes  on  at  all 
limes,  and  from  all  bodies,  whether  their  temperature  is  the  same  or 
diflerent  from  those  that  surround  them.  According  to  this  view,  the 
temperature  of  a  body  falls  whenever  it  radiates  more  caloric  than  it 

*  The  remarks  of  the  author  on  the  passage  of  caloric  through 
surfaces,  may,  perhaps,  be  extended  with  advantage.     Surfaces,  as  to 
the  transmission  of  caloric,  may  be  divided  into  two  sets  ;  1st,  those 
which  offer  an  easy  passage  to  caloric,  either  inwards   or  outwards  ; 
and  2d,  those  through  which  caloric  passes  with  difficulty.    The  first 
set  of  surfaces  are  at  the  same  time  good  absorbers  and   radiators; 
the  second  set  combine  the  qualities  of  good  reflectors  and  retainers. 
The  absorbing  and  radiating  power  on  the  one  hand,  aud  lV\^  it^^cV- 
iog  and  retaining  power  on  the  other,  would  thetefott  a«em  Vo  \>«i 
eommompropenieB,  beloDgiag  to  two  distinct  leU  of  »MlfgLtt*,    ^. 
/  Recbercbet  §ur  U  Cb^lew, 
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abflorbs ;  its  temperature  is  stationary  when  the  quantities  emitieJ 
and  received  are  equal ;  and  it  becomes  warm  when  the  abMrptioo 
eiceeds  the  radiation.  A  hot  body,  surrounded  by  others  colder  thin 
itself,  is  an  eiample  of  the  first  case ;  the  second  happens  when  all 
the  substances  which  are  near  one  another  have  the  same  tenpeia- 
ture ;  and  the  third  occurs  when  a  cold  body  is  brought  into  a  waim 
room. 

Though  neither  of  these  theories  has  been  proved  to  be  trae»  md 
both  of  them  have  the  merit  of  accounting  for  Uie  phenomena  of  ta- 
diation,  the  preference  is  commonly  given  to  the  last.  The  theory  of 
M.  Prevost  affords  a  more  satisfactory  explanation  of  the  phenomena 
of  radiant  caloric  than  that  of  M.  Pictet ;  but  the  chief  argument  in 
its  favor  is  drawn  from  the  close  analogy  between  the  laws  of  ligjkt 
and  caloric.  Luminous  bodies  certainly  exchange  rays  with  oM 
another ;  a  less  intense  light  sends  rays  to  one  of  greater  intensiqr; 
and  hence  it  may  be  inferred  that  an  interchange  of  calorific  rays 
takes  place  in  a  similar  manner.  Under  this  point  of  view,  it  b  diffi^ 
cult  to  conceive  how  the  radiation  of  one  body  should  be  influenced 
by  the  presence  of  another  at  a  considerable  distance  from  iL 

This  ingenious  theory  applies  equally  well  to  the  experiments  with 
the  conjugate  mirrors,  as  to  the  phenomena  of  ordinary  radiation.  If 
a  metallic  ball  in  the  focus  of  one  mirror,  and  a  thermometer  in  that 
of  the  other,  are  both  of  the  same  temperature  as  the  surrounding  ob« 
jects,  (say  at  60°  F.)  the  thermometer  remains  stationary.  It  does 
indeed  receive  rays  from  the  ball ;  but  its  temperature  is  not  affected 
by  them,  because  it  gives  back  an  equal  number  in  return.  If  the 
ball  is  above  60''  F.  the  thermometer  begins  to  rise,  because  it  now 
receives  a  greater  number  of  rays  than  it  gives  out.  If,  on  the  con- 
trary, the  ball  is  below  60°  F.  then  the  thermometer,  being  ths 
warmer  of  the  two  bodies,  emits  more  rays  than  it  receives,  anid  its 
temperature  falls. 

The  same  mode  of  reasoning  accounts  very  happily  for  an  experi- 
ment originally  performed  by  the  Florentine  Academicians,  and  since 
carefully  repeated  by  M.  Pictet,  the  result  of  which  at  first  appeared 
quite  anomalous.  He  placed  a  piece  of  ice  instead  of  tlie  metiBie 
ball  in  the  focus  of  his  mirror,  and  observed  that  the  thermometer  in 
the  opposite  focus  immeiliately  descended,  but  rose  again  as  soon  as 
the  ice  was  removed.  On  replacing  the  ice  in  the  focus,  the  ther- 
mometer again  fell,  and  reascended  when  it  was  withdrawn.  It  wai 
supposed  by  some  philosophers  that  this  experiment  proved  the  ex- 
istence of  frigorific  rays,  whose  property  was  to  communicate  coli* 
ness;  whereas,  all  the  preceding  remarks  are  made  on  the  supposition 
Uiat  cold  is  merely  a  negative  quality  arising  from  the  diminution  of 
caloric.  If,  indeed,  the  result  of  M.  Pictet  s  experiment  could  not 
be  explained  on  the  latter  supposition,  we  should  be  obliged  to  adopt 
the  former ;  but  as  we  are  not  driven  to  that  alternative,  it  is  in  nowise 
necessary  to  modify  our  views.  In  fact,  as  the  thermometer  gives 
more  rays  to  the  ice  than  it  receives  in  return,  it  must  necessarily 
become  colder.  It  rises  again  when  the  ice  is  removed,  because  it 
then  receives  a  number  of  calorific  rays  proceeding  from  the  warmer 
surrounding  objects.  Which  were  intercepted  by  the  ice  while  it  wai 
in  the  focus.  Whence  it  appears  that  the  result  of  this  experiment 
flows  naturally  out  of  M.  Provost's  theory.* 

.  ■     I  ■  ^^»^^  ■■■■■■■■■■  ■■  —      ■■  .^1  1,1  Mi— ^i^—^^M^^1^W^ 

*  It  ffowB  DO  less  naturally  out  of  M.  Plctet*s  views.    In  explain- 
joff  the  experiment  of  the  apparent  radial\on  oi  coVd^WVa  ^^^vnns^to 
distinguiah  two  cases  in  which  the  equiUbdumolVem^etaXns^Va  ^»i^ 
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A  Tery  elegant  application  of  this  theory  was  made  by  the  late  Dr 
Wells  to  account  for  tlfe  formation  of  dew*.  The  most  copious  de- 
position of  dew  takes  place  when  the  weather  is  clear  and  serene ; 
and  the  substances  that  are  covered  with  it  are  always  colder 
than  the  contl^^us  strata  of  air,  or  than  those  bodies  on  which  dew 
is  not  deposited.  In  fact,  dew  is  a  deposition  of  water  previously  ex- 
isting in  the  air  as  vapour,  and  which  loses  its  gaseous  form  only  in 
consequence  of  being  chilled  by  contact  with  colder  bodies.  In 
speculating,  therefore,  about  the  cause  of  this  interesting  and  Impor- 
tant phenomenon,  the  chief  object  is  to  discover  the  principle  by 
whicn  the  reduction  of  temperature  is  effected.  The  explanation  pro- 
posed by  Dr  Wells,  and  now  almost  universally  adopted,  is  founded 
on  the  theoiy  of  M.  Prevost.  If  it  be  admitted  that  bodies  radiate  at 
all  times,  their  temperature  can  remain  stationary  only  by  their  receiv- 
ing from  surrounding  objects  as  many  rays  as  they  emit ;  and  should  a 
substance  be  so  situated  that  its  own  radiation  may  continue  uninter- 
ruptedly without  an  equivalent  being  returned  to  it,  its  temperature 
must  necessarily  fall.  Such  is  believed  to  be  the  condition  of  the 
ground  in  a  calm  starlight  evening.    The  calorific  rays  which  are  then 

turbed ;  1st,  by  a  body  raised  above  the  temperature  of  the  surround- 
ing medium  ;  and  2d,  by  one  below  the  temperature  of  such  medium. 
If  a  thermometer,  after  being  heated  to  the  boiling  point,  be  held  in 
the  air,  it  immediately  commences  to  project  its  caloric  |into  the 
surrounding  colder  medium.    If,  however,  we  hold  a  ball  of  snow 
near  the  bulb  of  a  thermometer  which  has  been  standing  in  a  temper- 
ate apartment,  the  mercury  falls,  not  because  the  caloric  is  projected 
from  the  instrument,  but  rather  because  the  caloric  is  drawn  into  the 
snow.    The  calorific  tension  of  the  space  occupied  by  the  snow  is 
diminished,  and  the  caloric  of  the  surrounding  medium  is  drawn  in  by 
what  might  be  conveniently  called  calorific  induction.    The  effect,  at 
first,  is  felt  In  the  immediate  vicinity  of  the  cold  body  and  is  thence 
propagated  in  right  lines  successively  to  greater  and  greater  distances. 
If  these  views  be  admitted  as  probable,  it  will  not  be  difficult  to  con- 
ceive how  the  direction  of  this  motion  of  caloric  by  induction  may  be 
changed  by  the  interposition  of  mirrors.    There  can  be  little  doubt, 
that  caloric  constitutes  a  medium  which  pervades  all  space,  and  that 
rows  of  calorific  particles  in  right  lines  must  exist  in  every  conceiva- 
ble direction.     In  the  experiment  cited  in  the  text,  the  ice  in  the 
focus  of  one   mirror  produces,  by  induction,  a  deficiency  of  caloric 
in  its  surface ;  a  number  of  pre-existing  rays  are  drawn  into  the  ice, 
which  are  continuous  with  an  equal  number,  parallel  with  the  axis 
of  the  mirror.     Let  it  be  supposed  that  a  particular  row  of  particles  is 
pat  in  motion  by  induction,  it  is  clear  that  a  deficiency  of  caloric  will 
oe  the  consequence  at  some  points  on  the  surface  of  the  mirror.    This 
cannot  be  supplied  by  the  mirror  itself,  and  hence  it  will  be  made  up 
by  the  first  particle  in  the  continuous  parallel  row.    This  produces  an 
induction  in  the  parallel  row,  which  results  in  creating  a  deficiency  of 
caloric  in  some  point  of  the  surface  of  the  second  mirror.    Finally,  a 
similar  induction  of  caloric  is  created  in  the  corresponding  row  of  par- 
ticles, leading  to  the  focus  of  the  second  mirror  where  the  thermome- 
ter is  placed,  which  necessarily  indicates  a  reduction  of  temperature. 
In  this  way  we  think  the  experiment  of  the  radiation  of  coVd  «v^^  b& 
explained,  without  the  aid  of  M.  Prevost- s  theory, Mi\\\e\iv9&cowc€\N^< 
oa  the  whole,  to  be  lets  aimph  than  M.  Fictel'a  V\e^«.    li. 
*  fVelle  oa  Dew. 
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emitted  by  the  substances  on  the  surface  of  the  earth  are  diipened 
through  free  space  and  lost;  nothing  is  present  in  the  atmosphere  to 
exchange  rays  with  them,  and  their  temperature  consequently  dimin- 
ishes. If,  on  the  contrary,  the  weather  is  cloudy,  the  radiant  calode 
proceeding  from  the  earth  is  intercepted  by  the  cload»,  an  intfl^ 
change  is  established,  and  the  ground  retains  nearly,  if  not  quite,  the 
same  temperature  as  the  adjacent  portions  of  air. 

All  the  facts  hitherto  observed  concerning  the  formatloD  of  deir, 
tend  to  confirm  this  explanation.  It  is  found  that  dew  is  deposltad 
sparingly  or  not  at  all  in  cloudy  weather ;  that  all  circumstances  which 
promote  free  radiation  are  favourable  to  the  formation  of  dew;  that 
good  radiators  of  caloric,  such  as  grass,  wood,  the  leaves  of  pUnts, 
and  filamentous  subetanees  in  general,  reduce  their  temperature,  hi 
favourable  states  of  the  weather,  to  an  extent  often,  twelve,  or  evea 
fifteen  degrees  below  that  of  the  circumambient  air ;  and  tiiat  while 
these  are  drenched  with  dew,  pieces  of  polished  metal,  8ffl00& 
stones,  and  other  imperfect  radiators,  are  barely  moistened,  and  ara 
nearly  as  warm  as  the  air  Ux  their  vicinity. 

On  the  Cooling  of  Bodies. 

It  appears  from  the  preceding  remarks  on  the  passage  of  calorie, 
that  the  cooling  of  bodies  takes  place  by  two  very  different  methods. 
When  a  hot  body  is  enveloped  in  solid  substances,  its  caloric  is  with- . 
drawn  solely  by  means  of  communication,  and  the  rapidity  of  cooliog 
is  dependent  ou  the  conducting  power.  The  refrigeration  is  efibcteS 
in  a  similar  manner  when  the  heated  body  is  immersed  in  a  liqsid ;  but 
the  rapidity  of  cooling  depends  partly  on  the  conducting  power  of  the 
liquid,  and  partly  on  the  mobility  of  its  particles.  In  elastic  fluids  the 
cooling  takes  place  both  by  communication  and  radiation ;  and  in  a 
vacuum  it  is  produced  solely  by  radiation. 

The  first  attempt  to  fix  the  rate  of  cooling  was  by  Newton.  He 
conceived  that  a  hot  body  exposed  to  a  uniform^cause  of  refrigeration, 
as  by  exposure  to  the  air,  loses  at  each  instant  a  quantity  of  calorie 
which  always  bears  the  same  proportion  to  its  excess.  Thus  if  a  hot 
body  is  deprived  of  I-lOlh  of  Its  excess  of  caloric  in  one  second,  it 
should  lose  1-IOth  of  the  remaining  9«10ths,  or  Q-lOOths  in  the  next 
second,  and  in  the  third  second  it  will  lose  1-lOth  of  the  remaining 
81-lOOths,  or  Sl-lOOOths,  &c.  In  this  way  the  following  series  of 
numbers  may  be  obtained,  expressing  the  proportion  of  the  excess  of 
caloric  lost  in  equal  intervals  of  time : — 

1000        900         810         729         656       690-5      531-6 

10,000'  10,000*  10,000'  10,000'  10,000'  10,000*  10,000, 

and  the  excess  remaining  after  each  interval  is, 

9000       8100       7290       6560       5905      6816 

10,000'  10,000'  10,000'  10^'  10,000  io^ooo'  ^^' 

It  is  obvious  that  the  numerators  of  these  fractions  constitute  a  geome- 
trical series,  of  which  1111  is  the  ratio ;  for  5316x1.111  =5905,  6816 
X11112=6659,  6316xllll3=x7286,  &c.  Hence  it  was  inferred 
by  Newton,  that  while  the  times  of  cooling  are  in  arithmetical  pro- 
gression, the  refrigeration  proceeds  according  to  a  geometrical  pro- 
gression. 

This  subject  has  been  experimentally  investigated  with  remarkable 
iagenuity  smd  success  by  MM.  Du\oq|^  and^eWU    (,k\i.  d«  Ch.  et 
Ph,  vii,  225.)    They  have  demonstrated  tli^  ^WRtotf  a^aw  «A  \%.li«^< 
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ration  may  be  adopted  when  the  temperature  U  ineonsiderable ;  but 
that  when  a  body  coots  tbrouj^h  an  eztenstve  range  of  temperature,  as 
when  the  excess  of  caloric  is  great,  the  law  is  then  found  to  be  er- 
roneous. They  have  examined  with  eonsummate  skill  the  Farious 
circamstaoces  by  which  the  cooling  of  a  hot  body  in  vactio,  or  when 
sairimnded  by  an  elastic  fluid,  is  influenced ;  but  their  inquiry  is  too 
mitiieniatieBl  and  abstruse  for  the  purposes  of  an  elementary  treatise. 

Effects  of  Caloric. 

The  phenomena  that  may  be  ascribed  to  the  agency  of  calorie,  and 
which  may  therefore  be  enumerated  as  its  efirects,  are  numerous. 
With  respect  to  animals,  it  is  the  cause  of  the  feelings  of  cold,  agree* 
able  warmth,  and  burning,  according  to  its  intensity.  It  excites  the 
sjrsiem  powerfully,  and  without  a  certain  degree  of  it  the  vital  actions 
would  entirely  cease.  Over  the  vegetable  world  its  influence  is  ob- 
vious to  every  eye.  By  its  stimulus  co-operating  with  air  and 
moisture,  the  seed  bursts  its  envelope  and  jrields  a  new  plant,  the 
buds  open,  the  leaves  expand,  and  the  fruit  arrives  at  maturity. 
With  the  declining  temperature  of  the  seasons,  the  circulation  of  the 
sap  ceases,  and  the  plant  remains  torpid  till  it  is  again  excited  by  the 
stimulus  of  caloric. 

The  dimensions  of  every  kind  of  matter  are  regulated  by  this  princi- 

Sle.  Its  increase,  with  few  exceptions,  separates  the  particles  of 
odies  to  a  greater  distance  from  one  another,  producing  expansion, 
so  that  the  same  quantity  of  matter  is  thus  made  to  occupy  a  larger 
space ;  and  the  diminution  of  calorie  has  an  opposite  effect.  Were 
the  repulsion  occasioned  by  this  agent  to  cease  entirely,  the  atoms  of 
bodies  would  come  into  absolute  contact. 

The  form  of  bodies  is  dependent  on  calorie.  By  its  increase  solids 
are  converted  into  liquids,  and  liquids  are  dissipated  in  vapour;  by  its 
decrease  vapours  are  condensed  into  liquids,  and  these  become  solid. 
Did  matter  cease  to  be  under  the  influence  of  caloric,  all  liquids,  va- 
pours, and  doubtless  even  gases,  would  become  permanently  solid ; 
and  all  motion  on  the  surface  of  the  earth  would  be  arrested. 

When  caloric  is  accumulated  to  a  certain  extent  in  bodies,  they 
shine  or  become  incandescent.  On  this  important  property  depend 
all  our  methods  of  artificial  illumination. 

Caloric  exerts  a  powerful  influence  over  chemical  phenomena. 
There -is,  indeed,  scarcely  any  chemical  action  which  is  not  in  some 
degree  modified  by  this  principle ;  and  hence  a  knowledge  of  the  laws 
of  caloric  is  indispensable  to  the  chemist.  By  its  means,  bodies  pre- 
viously separate  are  made  to  combine,  and  the  elements  of  compounds 
disunited.  An  undue  proportion  of  it  is  destructive  to  all  organic  and 
many  mineral  compounds ;  and  it  is  essentially  concerned  in  combus- 
tion, a  process  so  necessary  to  the  wants  and  comforts  of  man. 

Of  the  various  effects  of  caloric  above  enumerated,  several  will  be 
discussed  in  other  {parts  of  the  work.  In  this  place  it  is  proposed  to 
treat  only  of  the  influence  of  caloric  over  the  dimensions  and  form  of 
bodies  ;  and  this  subject  will  be  conveniently  studied  under  the  three 
heads  of  expansion,  liquefaction,  and  vaporization. 

Expansion, 

Oneoftbe  mastremarlaible  properties  of  caloric  U  V\ie  i«^>3\%\QtL^Vwc\^ 
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exists  among  Hb  partidet;  hence  it  happens,  that  when  this  principle 
•nteie  into  a  body,  its  first  effect  is  to  remove  the  integrant  moleciuei 
of  the  snbstanee  to  a  greater  distance  from  one  another. '  The  body 
theitfore  becomes  less  compact  than  before,  occupies  a  greater  mace, 
or,  in  other  words,  expands.  Now  this  effeet  of  oelode  is  manifestly 
in  opposition  to  cohesion — that  force  which  tends  to  approximate  w 
particles  of  matter,  and  which  mnst  he  overeome  before  any  expansioi 
can  ensue.  It  may  be  .expected,  therefore,  that  a  small  addition  of 
caloric  will  occasion  a  snail  expansion,  and  a  greater  addition  of 
caloric  a  greater  expension ;  because  in  the  last  case,  the  cohesion  will 
be  more  oTercome  than  in  the  former.  It  may  be  anticipated,  also, 
that  whenever  caloric  passes  out  of  a  body,  the  cohesion  being  noir 
left  to  act  freely,  a  contraction  will  necessarily  follow ;  so  that  expan- 
sion is  only  a  transient  effect,  occasioned  solely  by  the  accumulation 
of  caloric.  It  follows,  moreover,  from  this  view,  that  caloric  must 
produce  the  greatest  expansion  in  those  bodies,  whose  cohesive  power 
is  least ;  and  the  inference  is  fully  justified  by  observation.  Thus  Ae 
force  of  cohesion  is  greatest  in  solids,  less  in  liquids,  and  least  of  ill 
in  aeriform  substances ;  the  expansion  of  solids  is  trifling,  that  of 
liquids  much  more  considerable,  and  that  of  elastic  fluids  lai;  greater. 

It  may  be  laid  down  as  a  rule,  the  reason  of  which  is  now  obviooB, 
that  all  bodies  are  expanded  by  caloric,  and  that  the  expansion  of  the 
same  body  increases  with  the  quantity  of  caloric  which  enters  it. 
But  this  law  is  a  general  one,  only  so  long  as  the  body  under  exami- 
nation suffers  no  change  in  form  or  composition.  If  the  caloric  should 
produce  one  or  both  of  these  effects,  then  the  reverse  of  expansion 
may  ensue ;  not,  however,  as  the  direct  consequence  of  an  au^eoted 
temperature,  but  as  the  result  of  a  change  in  form  or  composition. 

In  proof  of  the  expansion  of  solids,  we  need  only  take  the  exact 
dimensions  in  length,  breadth,  and  thickness  of  any  substance  when 
cold,  and  measure  it  again  while  strongly  heated,  when  it  will  be 
found  to  have  increased  in  every  direction.  A  familiar  demonstration 
of  the  fact  may  be  afforded  by  adapting  a  ring  to  an  iron  rod,  the  for- 
mer being  just  large  enough  to  permit  the  latter  to  pass  through  it 
while  cold.  The  rod  is  next  heated,  and  will  then  no  longer  pass 
through  the  ring.  This  dilatation  from  heat  and  consequent  contrac- 
tion in  cooling  takes  place  with  a  force  which  appears  to  be  irre- 
sistible. 

The  expansion  of  solids  has  engaged  the  attention  of  several  expe- 
rimenters, whose  efforts  have  been  chiefly  directed  towards  ascertain- 
ing the  exact  quantity  by  which  different  substances  are  lenethened 
by  a  given  increase  of  heat,  and  determining  whether  or  not  tneir  ex- 

?ansion  is  equable  at  different  temperatures.  The  Philosophical 
*ransactions  of  London  contain  various  dissertations  on  the  subject 
by  EUicot,  Smeaton,  Troughton,  and  General  Roy ;  and  M.  Blot  in 
his  Traite  de  Physique^  has  given  the  results  of  experiments  perform- 
ed with  great  care  by  Lavoisier  and  Laplace.  Their  experiments 
establish  the  following  points :  1.  Different  solids  do  not  expand  to 
the  same  degree  from  equal  additions  of  caloric.  2.  A  body  which  has 
been  heated  from  the  temperature  of  freezing  to  that  of  boiling  water, 
and  again  allowed  to  cool  to  32°  F.  recovers  precisely  the  same  vo- 
lume which  it  possessed  at  first.  3.  The  dilatation  of  the  more  per- 
manent or  infusible  solids  is  very  uniform  within  certain  limits ;  weir 
expansion,  for  example,  from  the  freezing  point  of  water  to  122**  F.  if 
equal  to  what  takes  place  betwixt  122P  an^^l'^P.  TVi<^  avLbaequent 
researches  of  Dulong  and  Petit,  (.AnuaXea  d^  CYv.  «Xd«T!!V«'«^.'^^ 
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prove  that  solids  do  oot. dilate  unifonnly  at  high  temperatures,  but  ex- 
pand in  an  increasing  ratio ;  that  is,  the  higher  the  temperature  be- 
yond 212**  F.  the  greater  the  expansion  for  equal  additions  of  caloric. 
It  is  manifest,  indeed,  from  their  experiments,  that  the  rate  of  ezpan- 
rion  ie  an  increasing  one  even  bietween  32°  and  212°;  but  the 
differences  which  exist  within  this  small  range  are  so  inconsiderable 
as  to  escape  observation,  and  therefore  for  all  practical  purposes  may 
be  disreg^arded. 

The  subjoined  table  includes  the  most  interesting  results  of  Lavoi- 
sier and  Laplace.    (Biot,  vol.  I.  p.  1&8.) 

jiA..M«.  ^r  ja,M%o*^^*^a  Elongation  when  heated 

JVflfiKS  of  Substances.  ^^^  32  ^  212°. 

Glass  tube  without  lead,  a  mean  of  three 

specimens l-1115of  its  length. 

En^ish  flint  glass 1-1248 

Copper 1-581 

Brass — mean  of  two  specimens  1-632 

Soft  iron  forged 1-819 

Iron  wire 1-812 

Untempered  steel  ....  1-927 

Tempered  steel         .        •   ,    .        .        .  1-807 

Lead 1-361 

Tin  of  India 1-616 

Tin  of  Falmouth 1-462 

Silver 1-624 

Gold— «[iean  of  three  specimens    .        .  1-602 

Platinum,  determined  by  Borda         .        .  1-1167 

Knowing  the  elongation  of  any  substance  for  a  given  number  of 
degrees  of  the  thermometer,  it  is  easy  to  calculate  its  total  increase  in 
bulk,  by  trebling  the  number  which  expresses  its  increase  in  length. 
Thus  if  a  tube  of  flint  glass  elongates  by  1-1248,  when  heated  from 
the  freezing  to  the  boiling  point  of  water,  its  cubic  space  will  have 
increased  by  3-1248  or  1-416  of  its  former  capacity. 

The  expansion  of  glass,  iron,  copper  and  platinum,  has  been  parti- 
cularly investigated  by  MM.  Dulong  and  Petit.  The  following  table 
contains  the  result  of  their  observations  on  glass.  (An  de  Ch.  et  Ph. 
vii.  138.)  It  appears  from  the  third  column  that  at  temperatures 
beyond  212°  glass  expands  in  a  greater  ratio  than  mercury. 


Temperature  by 
an  air  ThermO' 
meter. 

Fahr. 
From  32°  to  212° 

32   to  392 

32   to  572 


Mean  Absolute  Di 
latation  of  glass  for 
each  degree. 


Fahr. 
1-69660 
1-65340 
1-59220 


Temperature  by 
a  Thermometer 
made  of  glass. 


Fahr. 
212 
415.8 
667.2 


The  second,  fourth  and  sixth  columns  of  the  following  table  show 
the  mean  total  expansion  of  iron,  copper  and  platinum,  when  heated 
from  32°  to  212°  and  from  32°  to  572°,  for  each  degree.  The  third, 
fifth,  and  seventh  columns  indicate  the  degrees  on  a  thermometer  of 
iron,  copper  and  platinum,  corresponding  to  a  tempewlute  ^i^TL  ^^ 
an  air  thermometer.  It  is  obvious  that  platinum  is  muc\i  mo\^  v^^^v 
formia  ttB  expaauoa  tbaD  either  of  the  other  metals. 


32 


Calorie. 


lib 


Fahr. 

212° 

672'' 

The  simp 


Fahr. 
1-50760 
1-40678 


a  2  -: 

Q  C*  B 

k.  g  O 

*»  5  8 


Fahr. 

212« 

702.5 


Fahr. 
1^4920 
1-81860 


Fahr. 

212'' 

628.8 


Ivsi 


Fahr. 
1-67860 
1-65840 


Fahr. 

2ir 


est  method  of  proving  (he  expansion  of  liquids  is  by  pat- 
ting a  common  thermometer,  made  with  mercury  or  alcohol,  wto  waim 
water,  when  the  dilatation  of  the  liquid  will  be  shown  by  its  ueentin 
the  stem.  The  experiment  is  indeed  illustrative  of  two  other  ftets. 
It  proves,  first,  that  the  dilatation  increases  with  the  temperstura ;  Cor 
if  the  thermometer  is  plunged  into  several  portions  of  water  heated  to 
different  degrees,  the  ascent  will  be  greatest  in  the  hottest  wst^,  uid 
least  in  the  coolest  portions.  It  demonstrates,  secondly,  thit  Kqnidi 
expand  more  than  solids.  The  glass  bulb  of  the  thermometer  is  itnlf 
expanded  by  the  hot  water,  and  therefore  is  enabled  to  conttin  mora 
mercury  than  before ;  but  the  mercury  being  dilated  to  a  raaeh  creator 
extent,  not  only  occupies  the  additional  space  in  the  bulb,  but  Isewiie 
rises  in  the  stem.  Its  ascent  marks  the  difference  between  Its  own 
dilatation  and  that  of  the  glass,  and  is  only  the  apparent,  not.the  ietiiii 
expansion  of  the  liquid. 

Different  liquids  do  not  expand  to  the  same  degree  from  an  eqoal 
increase  of  temperature.  Alcohol  expands  much  more  than  wator, 
and  water  than  mercury.  From  the  frequency  with  which  the  lattof 
is  employed  in  philosophical  experiments,  it  is  important  to  know  tlio 
exact  amount  of  its  expansion.  This  subject  has  been  inrestleated  by 
several  Philosophers,  but  the  experiments  of  Lavoisier  and  Ltplaeo, 
and  especially  of  Dulong  and  Petit,  from  the  extreme  care  with  irilkb 
they  were  made,  are  entitled  to  the  greatest  confidence.  Aceordfeag 
to  the  former  the  actual  dilatation  of  mercury,  in  passine  fiom  tho 
freezing  to  the  boiling  point  of  water,  amounts  to  100-6412  of  its  vo- 
lame,  but  the  result  obtained  by  Dulong  and  Petit,  who  foond  it 
100-5550,  is  probably  still  nearer  the  truth.  Adopting  the  last  esti- 
mate, this  metal  dilates,  for  every  degree  of  Fahrenheit's  thermometor, 
1-9990  of  the  bulk  which  it  occupied  at  the  temperature  of  82^.  If 
the  barometer,  for  instance,  stands  at  80  inches  when  the  thermooie- 
ter  is  at  32°,  we  may  calculate  what  its  elevation  ought  to  be  wbea 
the  latter  is  at  60°,  or  at  any  other  temperature*.    The  apparent  ex- 


*  The  general  formula  is  as  follows :  Let  H  be  the  height  of  Hio    * 
barometer  when  the  thermometer  is  at  32°  F. ;  H'  its  elevation  at  any 
temperature  above  32°,  and  let  T  express  the  number  of  degrees  m 

Fahr.  therm,  above  that  point.    Then  H'=H.  fl-h \  ;    hencft 

\        9990^ 

!?!=H--I-;  H'  9990=H  (9990-t-T) ;  and  H'=H  2??2±T ;  or 
H  9990  ^  9990 

j/H  is  unknown,  it  may  be  calculated  by  the  formula  H=s    ■    *  >Th . 

'  99^90 -HT 

For  Hand  T  in  the  first  formula  aubatMute  li!h%VcNa\\x^^  ^a%V^\ftA.\atho 
iext,  and  perform  the  calcuUtion,    h:=^o2?^^«=^*^V,  t» 
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Itanrion  of  mdrcaiy  contained  in  glaas  is  of  courae  lens  than  the  abao- 
ute  ezpanaion.  Between  the  limits  of  32^  and  212^  F.  Lavoisier  and 
Laplace  estimate  the  apparent  expansion  at  1-63,  and  Dulonp  and 
Petit  at  1-64.8  of  its  volume,  being  1-11664  for  each  degree  of  Fah- 
renheit's thermometer.  Dulong  and  Petit  state  that  the  mean  total 
expansion  of  mercury  from  32°  to  572°  F.  for  each  degree  is  1-9540; 
and  that  the  mean  apparent  expansion  in  glass  from  32°  to  572°  F.  for 
every  degree,  is  1-11372.  The  temperature  in  their  experiments  was 
estimated  by  an  air  thermometer,  which  they  consider  more  uniform 
in  its  rate  of  expansion  than  one  of  mercury.  The  temperature  of 
572°  F.  on  the  air  thermometer  corresponds  to  686°  in  the  mercurial 
one. 

All  ezpeiimenters  agree  that  liquids  expand  in  an  increasing  ratio,  or 
that  equal  increments  of  caloric  cause  a  greater  dilatation  at  high  than 
at  low  Temperatures.  Thus,  if  a  fluid  is  heated  from  82°  to  122°  it  will 
not  expand  so  much  as  it  would  do  in  being  heated  from  122°  to  212°, 
tfaongb  an  equal  number  of  degrees  is  added  in  both  cases.  In  mer- 
cury tibe  first  expansion,  according  to  Deluc,  is  to  the  second  as  14  to 
15;  in  olive  oil  as  13'4  to  15  ;  in  alcohol  as  10*9  to  15  ;  and  in  pure 
water  as  4*7  to  15.  Attempts  have  been  made  to  discover  a  general 
law  Yaw  which  this  progression  is  regulated,  and  Mr  Dalton  conceives 
that  toe  expansion  observes  the  ratio  of  the  square  of  the  temperature 
estimated  from  the  point  of  congelation,  or  of  greatest  density ;  but 
Uiis  opinion  is  merely  hypothetical,  and  has  been  shown  by  Dulong 
and  Petit  to  be  inconsistent  with  the  facts  established  by  their  experi- 
ments. 

There  is  a  peculiarity  in  the  effect  of  caloric  upon  the  bulk  of  some 
fluids ;  namely,  that  at  a  certain  temperature  an  increase  of  heat  caus- 
es them  to  contract,  and  its  diminution  makes  tliem  exp&nd.  This 
singular  exception  to  the  general  effect  of  caloric  is  only  observable  in 
tliose  liquids  which  acquire  an  increase  of  bulk  in  passing  from  the  li- 
quid to  the  solid  state,  and  is  remarked  only  within  a  few  degrees  of  tem- 
perature above  their  point  of  congelation.  Water  is  a  noted  example 
of  it.  Ice,  as  every  one  knows,  swims  upon  the  surface  of  water,  and 
therefore  must  be  lighter  than  it,  which  is  a  convincing  proof  that  wa- 
ter, at  the  moment  of  freezing,  must  expand.  The  increase  is  es- 
timated by  Boyle  at  about  l-9th  of  its  volume.  (Experiments  on 
cold.) 

The  most  remarkable  circumstance  attending  this  expansion,  is  the 
prodigious  force  with  which  it  is  effected.  Mr  Boyle  filled  a  brass 
tube,  three  inches  in  diameter,  with  water,  and  confined  it  by  means 
of  a  moveable  plug ;  the  expansion,  when  it  froze,  took  place  with  such 
violence  as  to  push  out  the  plug,  though  preserved  in  its  situation  by 
a  weight  equal  to  74  pounds.  The  Florentine  Academicians  burst  a 
hollow  brass  globe,  whose  cavity  was  only  an  inch  in  diameter,  by 
freezing  the  water  with  which  it  was  filled ;  and  it  has  been  estimated 
that  the  expansive  power  necessary  to  produce  such  an  effect  was 
equal  to  a  pressure  of  27,720  pounds  weight.  Major  Williams  gave 
ample  confirmation  of  the  same  fact  by  some  experiments  which  he 
performed  at  Quebec  in  the  years  1784  and  1785.  (Philosophical  Tians- 
actioosof  Ed.  ii.  23.) 


rate  of  actual  and  not  apparent  expansion  is  employed  in  this  calcula- 
tion, because  the  length  of  the  mercurial  column,  being  determined  by 
the  atmospheric  pressure^  is  not  affected  by  the  expauBiou  ot  cottVi^^- 
Hon  of  the  tube. 
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But  it  is  not  merely  daring  the  act  of  congelation  that  witer  et- 
panda ;  for  it  begins  to  dilate  considerably  before  it  actually  freeisi. 
Dr  Croune noticed  this  phenomenon  so  early  as  the  year  166S,  audit 
has  since  been  observed  by  various  philosophers.  It  may  be  rendeni 
obvious  to  any  one  by  the  following  experiment.  Fill  a  flask,  cafi- 
ble  of  holding  three  or  four  ounces,- with  water  at  the  temperatura  <f 
60°  F.  and  adapt  to  it  a  cork,  through  which  passes  a  glass  tube  open 
at  both  ends,  about  the  eighth  of  an  inch  wide,  and  ten  ineheahnff. 
After  having  filled  the  flask,  insert  the  cork  and  tube,  and  poor  a  Vtdi 
water  into  the  latter  till  the  liquid  rises  to  the  middle  of  it.  On  \wh 
mersing  the  fla'sk  into  a  mixture  of  pounded  ice  and  salt,  the  water  wfll 
fall  in  the  tube,  marking  contraction  ;  but  in  a  short  time  an  oppoilla 
movement  will  be  perceived,  indicating  that  dilatation  is  takiDS  plin* 
while  the  water  within  the  flask  is  at  the  same  time  yielding  calorie  to 
the  freezing  mixture  in  which  it  is  immersed. 

To  the  inference  deduced  from  this  experiment  it  was  objected  \ff 
some  philosoptiers,  that  the  ascent  of  the  water  in  the  tube  did  list 
arise  from  any  expansion  in  the  liquid  itself,  but  from  a  contraction  of 
the  flask,  by  which  its  capacity  was  diminished.  In  fact,  this  eaiue 
does  operate  to  a  certain  extent,  but  is  by  no  means  sufllcient  tv  ac- 
count for  the  whole  effect ;  and,  accordingly,  it  has  been  profed  by 
an  elegant  and  decisive  experiment  of  Dr  Hope,  that  water  doM  really 
expand  previous  to  congelation*.  He  believes  the  greatest  density  df 
water  to  be  between  thirty-nine  and  a  half  and  forty  degrees  of  YAh 
enheit's  thermometer;  that  is,  boiling  water  obeys  the  usual  lairtffl 
it  has  cooled  to  the  temperature  of  about  40°  F.  after  which  flie  rii- 
straction  of  caloric  produces  an  increase  instead  of  a  diminution  of  Yol- 
ume.  According  to  M.  Hallstrom,  whose  experiments  are  the  newt 
recent,  and  appear  to  have  been  conducted  with  great  Care,  theteaif- 
mum  density  of  water  is  89°.39  F.    (An.  de  Ch.  et  Ph.  zxvlii.  90.) 

The  cause  of  the  expansion  of  water  at  the  moment  of  freezing  Isat- 
tributed  to  a  new  and  peculiar  arrangement  of  its  particles.  Icalsil 
reality  crystallized  water,  and  during  its  formation  the  parttclef  aifki|e 
themselves  in  ranks  and  lines,  which  cross  each  other  at  anglea  of  W* 
and  120°,  and  consequently  occupy  more  space  than  when  Bqild. 

This  may  be  seen  by  examining  the  surface  of  water  while  frOoiBg 
in  a  saucer.  No  very  satisfactory  reason  can  be  assigned  for  Ihe  ex- 
pansion which  takes  place  previous  to  congelation.  It  is  supposed,  in- 
deed, that  the  water  begins  to  arrange  itself  in  the  order  it  willanmne 
in  the  solid  state  before  actually  laying  aside  the  liquid  form  ;  aBdtUB 
explanation  is  generally  admitted,  not  so  much  because  it  has  INM 
proved  to  be  true,  but  because  no  better  one  has  been  offered. 

Water  is  not  the  only  liquid  which  expands  under  reductlOB  of 
temperature,  as  it  is  observed  in  a  few  others  which  assume  a  h\Mj 
crystalline  structure  on  becoming  solid; — fused  iron, antimony, anOi 
and  bismuth,  are  examples  of  it.  Mercury  is  a  remarkable  Instanee 
ef  the  reverse ;  for  when  it  freezes,  it  suffers  a  very  great  contraetkW' 

As  the  particles  of  air  and  aerifortn  substances  are  not  held  togetlierby 
cohesion,  it  follows  that  increase  of  temperature  must  occasion  a  conri- 
derable  dilatation  of  them  ;  and,  accordingly,  they  are  found  to  dilate 
from  equal  additions  of  caloric  much  more  than  solids  or  liquids.  NoVi 
chemists  are  in  the  habit  of  estimating  the  quantity  of  tne  gases  eon- 
ployed  in  their  experiments  by  measuring  them^  and  since  the  voTtnas 
occupied  by  any  gas  is  so  much  influenced  by  temperature,  it  is  ei- 

*  Philosophical  TransacUoua  ol  :E.^\ii>ft\«^»N . Vl^, 
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■enliil  to  tceancy  thtt  t  due  correction  be  made  for  the  ?ariatioD» 
tLnsing  from  this  cause  ;  that  they  should  know  hovr  much  dilatatioD 
is  produced  by  each  degree  of  the  thermometer,  whether  the  rate  of 
expansion  is  uniform  at  all  temperatures,  and  whether  that  ratio  is  the 
same  in  all  gases. 

This  subiect  had  been  unsuccessfully  investigated  by  seTtral  philo- 
sophers, who  failed  in  their  object  chiefly  because  they  neglected  the 
precaution  of  drying  the  gases  upon  which  they  operated ;  but  at  last 
the  law  of  dilatation  was  detected  by  Dalton  and  Gay-Lussac  nearly 
at  the  same  time.  Mr  Dalton's  method  of  operating  (Manchester 
Memoirs,  vol.  ▼.)  was  exceedingly  simple.  He  filled  with  dry  mer- 
cury a  graduated  tube,  closed  at  one  end  and  carefully  dried  ;  and  then 
plunging  the  open  end  of  the  tube  into  a  mercurial  trough,  introdue- 
ed  a  portion  of  dry  air.  After  having  marked  the  bulk  and  tempera- 
ture of  Uie  air,  he  exposed  it  to  a  gradually  increasing  heat,  the  exact 
amount  of  widch  was  regulated  by  a  thermometer,  and  observed  the 
dilatation  oecasioned  by  each  increase  of  temperature.  The  apparatus 
of  M.  Gay-Lussac  (An.  de  Chimie,  v.  43.)  was  the  same  in  principle, 
but  more  complicated,  in  consequence  of  the  precautions  he  took  to 
ivoid  every  possible  source  of  fallacy. 

It  is  proved  by  the  researches  of  these  philosophers,  that  all  gases 
ndergo  equal  expansions  by  the  same  addition  of  caloric,  supposing 
tfiem  placed  under  the  same, circumstances ;  so  that  it  is  sufficient  to 
ascertain  the  law  of  expansion  observed  by  any  one  gas,  in  order  to 
know  the  law  for  all.  Now  it  appears  from  the  experiments  of  Gay- 
Lussac,  that  100  parts  of  air  in  being  heated  from  82''  to  212°  F.  ex- 
ptnd  to  137-5  parts.  The  increase  for  180  degrees  is  therefore  0-375 
or87*5-100th  of  its  bulk ;  and  by  dividing  this  number  by  180,  it  is 
found  that  a  given  quantity  of  dry  air  dilates  to  l-480(h  of  the  volume 
it  occupied  at  82^  for  every  degree  of  Fahrenheit's  thermometer. 
The  result  of  Dalton's  experiments  corresponds  very  nearly  with  the 
foresoing. 

Tnis  point  behig  established,  it  is  easy  to  ascertain  what  volume 
any  given  quantity  of  gas  should  occupy  at  any  given  temperature. 
Suppose  a  certain  portion  of  gas  occupies  20  measures  of  a  graduated 
tube  at  82%  it  may  be  desirable  to  determine  what  would  be  its  bulk 
at  42°  F.  For  every  degree  of  heat  it  has  increased  by  l-480th  of  its 
original  volume,  and  therefore,  since  the  increase  amounts  to  ten 
degreea,  the  20  measures  will  have  dilated  by  10-480ths.    The  ex- 

Jmssion  will  therefore  be  20+20  Xl0-480=20-416.  It  must  not  be 
bigotten  that  the  volume  which  the  gas  occupies  at  32°  is  a  neces- 
sary element  in  all  such  calculations.  Thus,  having  20*416  measures 
of  gas  at  42°  F.  the  corresponding  bulk  for  52°  F.  cannot  be  calculated 
by  the  formula  20*416-f.20-416xl0-^^;  the  real  expression  is 
20.416+20x10-480  ;  because  the  increase  is  only  10-4S0(hs  of  the 
space  occupied  at  82°  F.  which  is  20  measures.*    A  similar  remark 

*  Very  convenient  general  formula  for  such  calculations  may  be 
thus  deduced  :  let  P  be  the  volume  of  gas  at  any  temperature  above 
82°,  T  the  number  of  degrees  above  that  point,  and  P  its  volume  at 

»2».     Then,  F  «  (»+^);  >>ence  L=l  +  ^;  F480= 

P  (480 +T);  »nd  P^P  (^2±I1 

oQ 

OrlfPiaoDknown,  it  may  be  calculated  by  the  foiOiuU  'P  ga^  ^?.^ 
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applies  to  the  formula  for  ettimatiDg  the  effect  of  heat  on  th«  hai|^ 
of  the  barometer. 


It  frequently  happens,  in  the  employment  of  Fahrenheit's  thermo- 
meter, that  when  F  for  the  above  formula  is  known,  it  is  not  P  itself 
which  is  wanted,  but  the  volume  of  gas  at  some  other  temperature,  as 
at  60''  F.  This  value  may  be  obtained  without  first  calculating  what 
P  is.  Let  F,  for  instance,  be  any  known  quantity  of  gas  at  a  certain 
temperature ;  and  let  P"  be  the  quantity  sought  at  some  other  tempera- 
ture, the  degrees  of  which  above  32*  may  be  expressed  by  T.    Now 

p"  S--  (4304-T')wp.  but  as  P  is  unknown,  let  its  value  be  substi- 
480 

tuted  according  to  the  above  formula.     Thus,  P"  =  f  __^L_  Jx  ^ 

rZJ?i);    which   gives    p>  ^    480«  P -f  480  r  F        F480 
^480-hT>  ^  480>+480T  480 

(4804-T)::=P(480+r), 

(480 -HT)         480-l-T 

Suppose,  for  example,  a  portion  of  gas  occupies  100  divisions  oft 
graduated  tube  at  48°  F,  how  many  will  it  fill  at  60°  F  ?  HereFs 
100 ;  T  =s  48—32  or  16 ;  T  c=  60—32,  or  28.    The  number  sought, 

or  the  F'  =,  100X508  ^^^2.42*. 

496 

*  To  those  who  are  not  algebraists,  the  following  explanation  and 
calculation  may  be  useful.    As  every  gas  expands  l-480th  of  the 
volume  it  would  occupy  at  82°,  for  every  degree  of  Fahrenheit's  ther- 
mometer, it  is  clear  that  it  will  expand  l-481st  part  of  its  volume  at 
83*,  l-4S2nd  part  of  its  volume  at  34°,  and  so  on  for  each  successive 
addition  of  one  degree  of  caloric.    In  order  to  know,  therefore,  tiie 
fractional  dilatation  of  a  gas  at  any  temperature  above  82°,  for  a  sin- 
gle degree,  it  is  only  necessary  to  add  to  the  denominator  of  the  fractioo 
1-480,  a  number  of  units  equal  to  the  number  of  degrees  iJiat  the 
gas  exceeds  the  temperature  of  82°.    Thus  a  gas  at  the  temperature 
of  42''  will  expand  l-490th,  at  52°  1-600,  of  its  volume,  by  every  in- 
crement of  heat  equal  to  one  degree.    Knowing  in  this  simple  man- 
ner the  fractional  amount  of  expansion  of  a  gas  at  any  temperature 
for  one  degree,  we  multiply  this  amount  by  the  difference  between 
the  existing  temperature  and  the  temperature  to  which  it  is  desired 
to  reduce  the  volume.    If  the  reduction  is  to  a  hisher  temperature» 
this  product  is  added  to  the  existing  volume ;  if  to  a  lower,  subtracted. 
Thus,  to  calculate  the  example  which  Dr  Turner  has  selected,  name- 
ly, 100  measures  of  a  gas  at  48°,  what  will  be  its  bulk  at  60°  ?  we 
proceed  as  follows :  as  the  existing  temperature  is  16°  above  32°,  its 
fractional  expansion  for  one  degree  will  be  l-480-f-16  or  1-496.     Tak- 
ing the  496th  part  of  one  hundred,  the  given  volume,  we  have  the 
actual  expansion  for  one  degree.    This,  upon  calculation,  will  be  found 
to  be  .2016,  which  multiplied  by  12,  the  difference  between  the  actual 
temperature  and  the  temperature  of  the  volume  sought,  will  give 
2*419,  as  the  actual  expansion,  corresponding  to  12  degrees.    As  the 
temperature  of  the  volume  sought  is  above  the  original  temperature, 
th'ts  Dumber  mu3i  be  added  to  the  given  volume.    So  that  100+ 
2'dl9^102'419'wni  be  the  volume  sou^U.    ^. 


Catoric. 
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rata  of  expansion  of  atmospheric  air  at  temperatures  exceeding 
s  been  examined  by  MM.  Dulong  and  Petit,  and  the  following 
tmtains  the  result  of  their  observations.    (An*  de  Ch,  et  Ph, 

Temperature  by  the      I  Corretponding 


Mercurial  Thermometer. 


Fahrenheit. 


Centigrade. 


—  33 

32 

212 

302 
392 
482 
672 
Mercury  boils  680 


volumes  of  a 
given  volwnt 
of  air. 


—  36 . .  0.8650 

0 . .  1.0000 

100 . .  1.3760 

160..  1.6676 

200 . .  1.7389 

250  . .  1  9189 

300 . .  2.0976 

360 . .  2.3125 

jgen  gas  was  found  to  expand  in  ttie  same  proportion,  so  tliat 
I  may  be  inferred  to  expand  to  the  same  extent  for  equal  in- 
s  of  caloric  between  —83°  F.  and  680° ;  and  in  all  probabiUty 
I  law  prevails  at  all  temperatures.* 

On  the  Thermometer. 

ifluence  of  caloric  over  the  bulk  of  bodies  is  better  6tted  for 
ig  a  change  in  the  quantity  of  that  agent  ttian  any  other  of  its 
ss ;  for  substances  not  only  expand  more  and  more  as  the 
ture  increases,  but  return  exactly  to  their  original  volume 
e  heat  is  withdrawn.!  The  first  attempt  to  measure  the  in- 
>f  heat  on  this  principle  was  made  early  in  the  seventeenth 
,  and  the  honour  of  the  invention  is  by  some  bestowed  on 
ius,  by  others  on  Cornelius  Drebel,  and  by  others  on  the  ce- 
Galileo.  The  material  used  by  Sanctorius  was  atmospheric 
e  construction  of  the  thermometer  itself,  or  thermoeeope  as  it 
letimes  called,  is  exceedingly  simple.    A  glass  tube  is  to  be 


law  of  the  equable  expansion  or  contraction  of  gases  by  equal 
Its  or  decrements  of  heat  is  a  very  curious  one,  but  becomes 
rly  so  when  viewed  in  connection  with  a  descending'tempera* 
'  gases  expand  or  contract  l-480th  of  the  volume  they  occu- 
>  freezing  point,  for  every  alteration  of  temperature  equal  to 
ee,  it  is  obvious  that  a  given  volume  of  any  gas  at  32°  wiU  he 
dhy  9.  volume  equal  to  itself,  by  having  its  temperature  rais* 
But  the  converse  of  the  proposition  would  seem  to  involve  a 
;  for  by   the  application  of  the  same  law,  a  given  volume  of 
It  32**,  if  cooled  down  480°,  would  be  contracted  by  a  vol- 
al  to  itself,  that  is,  reduced  to  nothing.     B. 
e   experiments  made  by  Dt  Ure  seem  to  invalidate  the  uni- 
of  the  law,  that  bodies.after  being  heated  return  exactly  to 
ginal  volume,  when  the  heat  is  withdrawn.    Dr  Ure,  upon 
lome  experiments  on  rods  of  zinc,  found  that  they  were  per- 
f  elongated  after  having  been  first  heated  and   then  cooled. 
3ses  **  that  the  plates  composing  this  metal,  in  sUdm^ONtt  e^c^ 
the  expansive  force  of  heat,  present  such  an  adhe^ve  luc\\^\i 
^eat  their  entire  retraction,"     Ure*$  LkXionar^,    "B, 
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selected  for  the  purpose,  aud  one  end  of  it  is  blown  oat  into  t  spherical 
cavity,  while  its  other  extremity  is  left  open.  After  expelling  a  small 
quantity  of  air  by  heating  the  ball  gently,  the  open  end  of  the  tube  is 
plunged  into  coloured  water,  and  a  portion  of  the  liquid  is  forced  up 
into  the  tube  by  the  pressure  of  the  atmosphere,  as  the  air  within  the 
ball  contracts.  In  this  state  it  marks  changes  of  temperature  with 
extreme  delicacy,  the  alternate  expansion  and  contraction  of  the  con- 
fined air  being  rendered  visible  by  the  corresponding  descent  and 
ascent  of  the  coloured  water  in  the  stem  ;  and  in  point  of  sensibility, 
indeed,  it  yields  to  no  instrument.  The  material  used  in  its  construc- 
tion, also,  is  peculiarly  appropriate,  because  air,  like  all  eases,  expands 
uniformly  by  equal  increments  of  caloric];  but,  nevertheless,  indepen- 
dently of  these  advantages,  there  are  two  forcible  objections  to  the 
employment  of  this  thermometer.  For,  in  the  first  place,  its  dilata- 
tions and  contractions  are  so  great,  that  it  will  be  inconvenient  to 
measure  them  when  the  change  of  temperature  is  considerable ;  and, 
secondly,  its  movements  are  influenced  b^  pressure  as  well  as  by  ca- 
loric, so  that  the  instrument  would  be  afi^cted  by  variations  of  the 
barometer,  though  the  temperature  should  be  quite  stationary. 

For  the  reasons  just  stated,  the  common  air  thermometer  is  rarely 
employed ;  but  a  modification  of  it,  described  in  1804  by  Professor 
Leslie  in  his  Essay  on  Heat,  under  the  name  of  Differential  Thef' 
mometer,  is  entirely  free  from  the  last  objection,  and  is  admirably  fit- 
ted for  some  special  purposes.    This  instrument  was  invented  a  cen- 
tury and  a  half  ago  by  Sturmius,  Professor  of  Mathematics  at  Altdoiff, 
who  has  left  a  description  and  sketch  of  it  in  his  Collegium  Curiotum, 
p.  54,  published  in  the  year  1676;  but 
like  other  air  thermometers  it  had  fallen 
into  disuse,  till  it  was  again  brought  intol 
notice  by  Professor  Leslie.    As  now  made 
it  consists  of  two  thin  glass  balls  join- 
ed together  by  a  tube,  bent  twice  at  a 
right  angle,  as  represented  in  the  annex- 
ed figure.     Both    balls  contain   air,  but 
the  greater  part  of  the  tube  is  filled  with 
sulphuric    acid    coloured    with    carmine. 
It  is  obvious  that  this  instrument  cannot 
be  affected  by  any  change  of  temperature 
acting  equally  on  both  balls;  for  as  long 
as  the  air  within  them  expands  or  con- 
tracts to  the  same  extent,  the  pressure  on 
the  opposite  surfaces  of  the  liquid,  and 
consequently  its  position,  will  continue 
unchanged.    Hence  the  diff*erential  ther- 
mometer stands  at  the  same  point,  howev- 
er different  may  be  the  temperature  of  the 
medium.    But  the  slightest  difference  be- 
tween the  temperature  of  the  two  balls 
will  instantly  be  detected ;  for  the  elasti- 
city of  the  air  on  one  side  being  then 
greater  than  that  on  the  other,  the.  liquid 
will  retreat  towards  the  ball  whose  tempe- 
rature is  lowest. 

Solid  substances  are  not  better  suited  to  the  construction  of  a  the^ 

mometer  than  gases ;  for  while  the  expansion  of  the  latter  is  too  great, 

fbat  of  the  former  is  so  small  that  it  ctinnolbe  m^^wx^  «iL<i«V^bY  the 

adaptation  of  complicated  machinery.    lAc^uvAa  ^VAt^k  ex^Mi^  ^w* 

lb  AD  the  one  and  less  than  the  other,  we  exempt.  lw\si)BO>ix  txVt«n«.%\ 


Caloric.  39 

ind,  eonseqaently,  we  must  search  there  for  a  material  with  which  to 
eonstruct  a  thermometer.  The  principle  of  selection  is  plain.  A  ma- 
terial is  required  whose  expansions  are  uniform,  and  whose  boiling 
md  freeing  points  are  very  remote  from  one  another.  Mercury  ful- 
5b  these  conditions  better  than  any  other  liquid.  No  fluid  can  sup- 
jori  m  greater  degree  of  beat  without  boiling  than  mercury,  and  none, 
sxcept  alcohol  and  ether,  can  endure  a  more  intense  cold  without 
freezing.  It  has,  besides,  the  additional  advantage  of  being  more 
lensible  to  the  action  of  caloric  than  other  liquids,  while  its  dilatations 
between  32°  and  212®  are  almost  perfectly  uniform.  Strictly  speak- 
ing, the  same  quantity  of  caloric  does  occasion  a  greater  dilatation  at 
high  than  at  low  temperatures,  so  that,  like  other  fluids,  it  expands  in 
an  increasing  ratio.  But  it  is  remarkable  that  this  ratio,  within  the 
limits  assigned,  is  exactly  the  same  as  that  of  glass ;  and  therefore,  if 
contained  in  a  glass  tube,  the  increasing  expansion  of  the  vessel 
compensates  for  that  of  the  mercury. 

The  first  object  in  constructing  a  thermometer  is  to  select  a  tube 
with  a  very  small  bore,  which  is  of  the  same  diameter  throue;h  its 
whole  length;  and  then,  by  melting  the  glass,  to  blow  a  small  ball  at 
one  end  oi  it.  The  mercury  is  introduced  by  rarefying  the  air  within 
the  ball,  and  then  dipping  the  open  end  of  the  tube  into  that  liquid. 
As  the  air  cools  and  contracts,  the  mercury  is  forced  up,  entering  the 
bulb  to  supply  the  place  of  the  air  which  had  been  expelled  from  it. 
Only  a  part  of  the  air,  however,  is  removed  by  this  means ;  the  re- 
mainder is  driven  out  by  the  ebullition  of  the  mercury. 

Having  thus  contrived  that  the  bulb  and  about  one-third  of  the  tube 
shall  be  lull  of  mercury,  the  next  step  is  to  seal  the  open  end  her- 
metically. This  is  done  by  heating  the  bulb  till  the  mercury  rises 
very  near  the  summit,  and  then  suddenly  darting  a  fine  pointed  flame 
from  a  blow-pipe  across  the  opening,  so  as  to  fuse  the  glass  and  close 
the  aperture  before  the  mercury  has  had  time  to  recede  from  it. 

The  construction  of  a  thermometer  is  now  so  far  complete  that  it 
aflbrds  a  means  of  ascertaining  the  comparative  temperature  of  bodies; 
but  it  is  deficient  in  one  essential  point,  namely,  the  observations 
made  with  different  instruments  cannot  bo  compared  together.  To 
effect  this  object,  the  thermometer  must  be  graduated,  a  process 
which  consists  of  two  parts.  The  first  and  most  important,  is  to  ob- 
tain two  fixed  points  which  shall  be  the  same  in  every  thermometer. 
The  practice  now  generally  followed  for  this  purpose  was  introduced 
by  Sir  Isaac  Newton,  and  is  founded  on  the  fact,  that  when  a  ther- 
mometer is  plunged  into  ice  that  is  dissolving,  or  into  water  that  is 
boiling,  it  constantly  stands  at  the  same  elevations  in  all  countries, 
provided  there  is  a  certain  conformity  of  circumstances.  The  point  of 
congelation  is  easily  determined.  The  instrument  is  to  be  immersed 
in  snow  or  pounded  ice,  which  is  liquefying  in  a  moderately  warm  at- 
mosphere, till  the  mercury  becomes  stationary.  To  fix  the  boiling 
point  is  a  more  delicate  operation,  since  the  temperature  at  which 
water  boils  is  affected  by  various  circumstances,  which  will  be  more 
particularly  mentioned  hereafter.  It  is  sufficient  to  state  the  general 
directions  at  present; — that  the  water  be  perfectly  pure,  free  from  any 
foreign  particles,  and  not  above  an  inch  in  depth, — the  ebullition 
brisk,  and  conducted  in  a  deep  metallic  vessel,  so  that  the  stem  of  t^|ii||| 
thermometer  may  be  surrounded  by  an  atmosphere  of  steam,  and  t^ 
exposed  to  the  same  temperature  as  the  bulb, — the  vapour  be  all^^ 
to  escape  freely, — and  the  barometer  stand  at  30  inches. 

The  second  part  of  the  process  of  graduation  conslsls  m  AV" 
'be  interval  between  the  freezing  and  boiling  points  oC  w«ilCT,\ti\. 
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amiiber  of  equal  parts  or  degrees,  which  may  be  either  marked 
tube  itself,  by  means  of  a  diamond,  or  first  drawn  upon  a  piece 
per,  ivoiy  or  metal,  and  afterwards  attached  to  the  therm 
The  exact  number  of  degrees  into  which  the  space  is  divided 
very  material,  though  it  would  be  more  convenient  did  all  i 
meters  correspond  in  this  respect.    Unfortunately  this  is  not  tl 
In  Britain  we  use  Fahrenheit's  scale,  while  the  continental  ] 
phers  employ  either  the  centigrade,  or  that  of  Reaumur.     Th 
grade  is  the  most  convenient  m  practice ;  its  boiling  point  is  1 
of  melting  snow  is  the  zero,  or  beginning  of  the  scale,  and  the 
is  divided  into  100  equal  parts.    The  interval  in  the  scale  of  S 
is  divided  into  80  parts,  and  in  that  of  Fahrenheit  into  ISO ; 
zero  of  Fahrenheit  is  placed  32  degrees  below  the  temperature 
ing  snow,  and  on  this  account  the  point  of  ebullition  is  212°. 

it  is  easy  to  reduce  the  temperature  expressed  by  one  thera 
to  that  of  another,  by  knowing  the  relation  which  exists  I 
their  degrees.  Thus,  180  is  to  100  as  9  to  5,  and  to  SO  as  9  t 
that  nine  degrees  of  Fahrenheit  are  equal  to  five  of  the  cen 
and  four  of  lUaumur'a  thermometer.  Fahrenheit's  is  therefon 
ed  to  the  centigrade  scale,  by  multiplying  by  five,  and  divi 
nine,  or  to  that  of  Reaumur,  by  multiplying  by  four  instead 
BUther  of  these  may  be  reduced  to  Fahrenheit  by  reversing  the  \ 
the  multiplier  is  nine  in  both  cases,  and  the  divisor  four  in  the 
five  in  the  other.  But  it  must  be  remembered  in  these  red 
that  the  zero  of  Fahrenheit's  thermometer  is  32  degrees  low 
that  of  the  centigrade  or  Reaumur,  and  a  due  allowance  i 
made  for  this  circumstance.  An  example  will  best  show  hov 
done.  To  reduce  212°  F.  to  the  centigrade,  first  abstract  32, 
leaves  180 ;  and  this  number  multiplied  by  6-9,  gives  the  corres] 
expression  in  the  centigrade  scale.  Or  to  reduce  100°  C.  to  ] 
heit,  multiply  by  9*6,  and  then  add  32.  To  save  the  trouble 
reductions,  i  have  subjoined  a  table,  which  shows  the  degreei 
centigrade  scale,  and  that  of  Reaumur  corresponding  to  the  de, 
Falifenheit's  thermometer. 


Fahrenheit. 

Centigrade. 

Reawnur. 

212 

100 

80 

200 

93-33 

74-66 

190 

87-77 

70-22 

180 

82-22 

66-77 

170 

76-66 

61-33 

160 

7111 

66-88 

160 

66-65 

62-44 

140 

60 

48 

130 

64*44 

43-66 

120 

48-88 

8911 

110 

43-33 

84  66 

100 

37-77 

30*22 

90 

3222 

26-77 

80 

26-66 

21*33 

70 

21-11 

16-88 

60 

1666 

12-44 

60 

*  10 

8 

40 

4.44 

8-65 

82 

0 

0 

20 

—  6-66 

—  6-83 

10 

— ia-22 

• 

• 

* 

—  ^11 

0 

— n-iT 

• 

< 

1  < 

.  — V\r^ 
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The  mercurial  thermometer  may  be  made  to  indicate  temperatures 
which  exceed  212%  or  fall  below  zero,  by  contiauiog  the  degrees 
above  and  below  those  points.  But  as  mercury  freezes  at  89  degrees 
below  zero,  it  cannot  indicate  temperatures  below  that  point ;  and  in- 
toed  the  only  liquid  which  can  be  used  for  such  purposes  is  alcohol. 
pur  means  of  estimating  high  degrees  of  heat  are  as  yet  Tery  unsatis- 
lactory.  Mercury  is  preferable  to  any  other  liquid ;  but  even  its  indi- 
eationa  cannot  be  altogether  relied  on.  For,  in  the  first  place,  its 
Bxpansion  for  equal  increments  of  caloric  is  greater  at  high  than  at  low 
temperatures ;  and  secondly,  glass  expands  at  temperatures  beyond  212* 
P.  in  a  more  rapid  ratio  than  mercury,  and  consequently,  from  the 
pToportioually  greater  capacity  of  the  bulb,  the  apparent  eipansion 
of  the  metal  is  considerably  less  than  its  actual  dilatation.  Thus  MM. 
Dulong  and  Petit  observed,  that  when  the  air  thermometer  is  at  672° 
F.  the  common  mercurial  thermometer  stands  at  686°  ;  but  when  cor- 
rected for  the  error  caused  by  the  glass,  it  indicates  a  temperature  of 
597.5°  F.  No  liquid  can  be  employed  for  temperatures  which  ex- 
ceed 180°  F.  since  all  of  them  are  then  either  dissipated  in  vapour  or 
decomposed. 

The  instruments  for  measuring  intense  degrees  of  heat  are  called 
pyrometers,  and  must  be  formed  either  of  solid  or  gaseous  substances. 
'the  former  alone  have  been  hitherto  employed,  though  the  latter, 
from  the  greater  uniformity  with  which  they  expand,  are  better  calcu- 
lated for  the  purpose.    The  pyrometer  invented  by  Mr  Wedgwood  is 
best  known.     It  is  founded  on  the  property  which  clay  possesses  of 
contracting,  when  strongly  heated,  without  returning  to  its  former 
dimensions  as  it  cools.    The  earth  alumina,  whether  precipitated  from 
a  solution  by  reagents,  or  found  more  or  less|pure  in  the  earth  as  clay, 
is  always  in  a  state  of  chemical  combination 'with  water.     On  heating 
it  to  redness,  a  part  of  the  water  is  expelled  ;  but  some  remains,  which 
requires  a  very  strong  heat  before  it  is  dissipated ;  and  in  proportion 
as  these  last  portions  escape,  the  earth  contracts.     The  contraction 
even  continues  after  every  trace  of  water  has  been  removed,  owing  to 
a  partial  vitrification  taking  place,  which  tends  to  bring  the  particles  of 
the  clay  into  nearer  proximity.    The  intensity  of  the  heat  may,  there- 
fore, in  some  measure  be  estimated  by  the  degree  of  contraction 
which  it  has  occasioned. 

The  apparatus  consists  of  a  metallic  groove,  24  inches  long,  the 
sides  of  which  converge,  being  half  an  inch  wide  above,  and  three- 
tenths  -below.  The  clay,  well  washed,  is  made  up  into  little  cubes* 
that  fit  the  commencement  of  the  groove,  after  having  been  heated  to 
redness ;  and  their  subsequent  contraction  by  heat  is  determined  by 
allowing  them  to  slide  from  the  top  of  the  groove  downwards,  till  they 
arrive  at  a  part  of  it  through  which  they  cannot  pass.  Mr  Wedgwood 
divides  the  whole  length  of  the  groove  into  240  degrees,  each  of 
which  he  supposes  equal  to  130°  F.  The  zero  of  his  scale  corres- 
ponds to  the  1077th  degree  of  Fahrenheit. 

Wedgwood's  pyrometer  is  rarely  employed  at  present,  because  its 
indications  cannot  be  relied  on.  Every  observation  requires  a  sepa- 
rate piece  of  clay,  and  the  observer  is  never  sure  that  the  contraction 
of  the  second  cube,  from  the  same  heat,  will  be  exactly  similar  to^M 
of  the  first ;  especially  as  it  is  difficult  to  procure  specimens  of  the  e^" 
whose  composition  is  in  every  respect  the  same.  jir 


•  In  this  statement,  Dr  Turner  Is  slightly  inaccurale  *,  ^ot 
Bpeaking  the  pieces  of  clay  are  iittle  evHnders,  flaltened  ou  on^  * 
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Other  pjrrometers  have  been  proposed,  which  act  on  the  amal  priii«, 
ciple  of  dilatation.  They  consist  of  a  metallic  bar,  the  elongatioa  of 
which  from  heat  is  rendered  sensible  by  an  index  beinff  attached  to 
one  end,  while  the  other  is  fixed.  The  experiments  of  jLavoisier  and 
Laplace  on  the  expansion  of  solids  were  made  with  aueh  an  appan- 
tus,  and  Mr  Daniell  has  lately  described  a  similar  one  in  the  llth  vol- 
ume of  the  Quarterly  Journal  of  Science.  These  instruments  aie  fai 
general  too  complicated  for  common  use ;  and,  moreover,  scioittfic 
men  have  hitherto  placed  little  confidence  in  them,  in  consequence  of 
the  irregularity  with  which  solids  expand  at  high  temperatoiee. 

For  some  purposes,  especially  in  making  meteorological  oboemtioiii^ 
it  is  a  very  desirable  object  to  ascertain  the  highest  and  lowest  tenpo- 
rature  which  has  occurred  in  a  given  interval  of  time,  during  the  ib- 
aence  of  the  observer.  The  instrument  employed  with  this  intantioo 
is  called  a  Register  Thermometer^  and  the  most  convenient  kind  with 
which  I  am  acquainted,  is  that  described  in  tlie  Philosophical  'niBs- 
actions  of  Edinburgh,  iii.  245,  by  Dr  John  Rutherford.  The  theiBO* 
meter  for  ascertaining  the  most  intense  cold  is  made  with  alcohol,  and 
the  bulb  is  bent  at  a  right  an^Ie  to  the  stem,  so  that  the  latter  mmy  con- 
veniently be  placed  in  a  horizontal  position.  In  the  spirit  is  imme» 
ed  a  cylindrical  piece  of  black  enamel,  of  such  size  as  to  move  fiedy 
witliin  the  tube.  In  order  to  make  an  observation,  the  enamel  shoold 
be  brought  down  to  the  surface  of  the  spirit,  an  object  eaiiKr  eflected 
by  slight  percussion  while  the  bulb  is  inclined  upwards.  When  the 
thermometer  sinks  by  exposure  to  cold,  the  enamel  Ukewiee  letieati 
towards  the  bulb,  owing  to  its  adhesion  to  the  spirit ;  but,  on  expand- 
ing, the  spirit  passes  readily  beyond  the  enamel,  leaving  it  at  the  ex- 
treme point  to  which  it  had  been  conveyed  by  the  previous  contraction. 

For  registering  the  highest  temperature,  a  common  mercurial  ther- 
mometer of  the  same  form  as  the  preceding  is  employed,  having  t 
small  cylindrical  piece  of  black  enamel  at  the  surface  of  the  mercoiy. 
When  the  mercury  expands,  the  enamel  is  pushed  forward ;  and  as  the 
stem  of  the  thermometer  is  placed  horizontal,  it  does  not  recede  when 
the  mercury  contracts,  but  remains  at  the  spot  to  which  it  had  beea 
conveyed  by  the  previous  dilatation.  The  enamel  is  easily  restored  to 
the  surface  of  the  mercury  by  slight  percussion  while  the  bulb  is  in- 
clined downwards ;  but  this  should  be  performed  with  care,  lest  the 
enamel,  in  falling  abruptly,  should  interrupt  the  continuity  of  Um  mer- 
curial column,  and  destroy  the  instrument.  This  accident  is  prevent- 
ed by  putting  some  pure  naphtha  in  the  tube  beyond  the  mercury, 
and  its  presence  is  likewise  of  use  in  preventing  the  oxidation  of  the 
mercury. — ^The  above  description  applies  to  an  improvement  on  Tk 
Rutherford's  thermometer  made  by  Mr  Adie  of  Edinburgh. 

Thoueh  the  thermometer  is  one  of  the  most  valuable  instruments  of 
philosopliical  research,  it  must  be  confessed  tfiat  the  sum  of  informa- 
tion which  it  conveys  is  very  small.  It  does  indeed  point  out  a  difier- 
ence  in  the  temperature  of  two  or  more  substances  with  great  nicety ; 
but  it  does  not  indicate  how  much  caloric  any  body  contains.  It  does 
not  follow,  because  the  thermometer  stands  at  the  same  elevation  in 
tnv  two  bodies,  that  they  contain  equal  quantities  of  caloric ;  nor  is  it 
ri^t  to  infer  that  the  warmer  possesses  more  of  this  principle  tiian 
the  colder.  The  thermometer  gives  the  same  kind  of  information 
which  may  be  discovered,  though  less  accurately,  by  the  feelings ;  It 
recognises  in  bodies  that  state  of  the 'caloric  alone  which  affects  the 
senaeB  with  an  impression  of  heat  or  cold ;  the  condition  expressed  by 
the  word  temperature*    AU  we  \eakm\>7  ^^  \naVmm«ci\.«  \&  ^mVA^hftc 


CaUnic.  43 

the  temperature  ofone  body  is  greater  or  less  than  that  of  another ;  and 
if  there  is  e  difference,  it  is  expressed  numerically,  namely,  by  (he  de- 
crees of  the  thermometer.  But  it  must  be  remembered  that  these 
dagrees  are  parts  of  an  arbitrary  scale,  selected  for  con?enience,  with- 
oat  any  reference  whatever  to  the  actual  quantity  of  ctloric  present 
in  bodies. 

Very  little  reflection  will  evince  the  propriety  of  these  remarlcs.  If 
two  glasses  of  unequal  size  be  filled  with  water  just  talcen  from  the 
tune  spring,  the  thermometer  will  stand  in  each  at  the  same  height, 
though  their  quantities  of  caloric  are  certainly  unequal.  This  obser- 
vation naturally  gives  rise  to  an  interesting  question  ;  namely,  do 
different  kinds  of  substances,  whose  temperatures  as  estimated  by  the 
diermometer  are  the  same,  contain  equal  quantities  of  caloric  ?  For 
example,  does  a  pound  of  iron  contain  as  much  caloric  as  a  pound  of 
water,  or  of  mercury  ?  The  foregoing  remark  shows  that  equality  of 
temperatuTe  is  not  necessarily  connected  with  equality  in  the  quantity 
of  caloric ;  and  this  inference  has  been  amply  confirmed  by  experi- 
ment. If  equal  quantities  of  water  are  mixed  together,  one  portion 
being  at  100^  F.  and  the  other  at  50°,  the  mixture  will  have  a  tempe- 
rature of  75^,  or  intermediate  between  the  two ;  thi^t  is,  the  26  degrees 
which  the  warm  water  has  lost,  have  just  sufficed  to  raise  the  cold 
water  by  as  many  degrees.  It  is  hence  inferred  that  equal  weights  of 
water  of  the  same  temperature  contain  equal  quantities  of  caloric ;  and 
the  same  is  found  to  be  true  of  other  bodies.  But  if  equal  weights, 
or  equal  bulks  of  diflerent  substances  are  used  in  the  experiment,  the 
result  will  be  venr  different.  Thus,  if  one  pound  of  mercury  at  ISS'' 
F.  is  naized  with  a  pound  of  water  at  40°,  the  mixture  will  have  a 
temperature  of  46°  only ;  or  if  the  experiment  be  reversed  by  hav- 
ing the  water  at  186''  and  the  mercury  at  40**,  the  mixture  will  have  a 
temperature  of  180**.  In  the  first  case,  140  degrees  lost  by  the  mer- 
cury served  to  heat  the  water  by  five  degrees,  and  in  the  second,  five 
degrees  lost  by  the  water  sufficed  to  raise  the  temperature  of  the 
mercuiy  by  140°.  It  hence  appears  that  28  times  more  caloric  is  re- 
quired to  raise  the  temperature  of  water  through  one  or  more  degrees, 
than  (or  heating  an  equal  weight  of  mercury  to  the  same  extent ;  and 
if  the  same  relation  exist  throughout  the  whole  range  of  temperature, 
commencing  from  the  absolute  zero,  then  it  would  follow  that  the 
former  contains  28  times  more  caloric  than  the  latter. 

Similar  experiments  have  been  made  by  mixing  water  with  a  great 
many  other  substances ;  and  it  is  observed  that  different  bodies  always 
require  unequal  quantities  of  caloric  to  heat  them  equally.  The  same 
quantity  of  caloric  which  heats  a  pound  of  water  one  degree,  will  heat 
an  equal  weight  of  spermaceti  oil  two  degrees,  and,  therefore,  water  is 
supposed  to  contain  twice  as  much  caloric  as  oil. 

Dr  Black  was  the  first  who  noticed  this  remarlcable  difference,  and 
he  expressed  it  by  the  term  capacity  for  caloric*.  This  word  was 
probably  suggested  by  the  idea  that  the  capacity  of  a  body  for  caloric 
depends  upon  its  capaciousness,  or  the  distance  between  its  particles, 
hi  consequence  of  which  there  is  more  room  for  caloric.  And  indeed 
it  first  view  there  appear  sufficient  grounds  for  this  opinion  ;  for  it  is 
observed,  that  very  compact  bodies  have  the  smallest  capacities  for 
caloric,  and  that  the  capacity  of  the  same  substance  of^en  increases  as 
its  density  becomes  less.  But,  as  Dr  Black  himself  pointed  out,  if 
this  was  the  real  cause  of  the  difference,  the  capacity  of  bodies  fo^e 


•  JBiack's  Lectares. 
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caloric  should  be  iDversely  as  their  density.  Thus,  since  mercury  ii 
thirteen  times  and  a  half  denser  than  water,  the  capacity  of  the  latter 
for  caloric  ought  to  be  only  thirteen  times  and  a  half  Kreatar  than  tiM 
former,  whereas  it  is  twenty-eight  times  as  great.  Oil  occupiea  mm 
■pace  than  an  equal  weight  of  water,  and  yet  the  capacity  of  the  latto 
for  caloric  is  double  that  of  the  former.  The  word  capacity  theieAn 
IS  apt  to  excite  a  wrong  notion,  unless  it  is  carefully  borne  in  miod, 
that  it  is  merely  an  expression  of  the  fact  without  allusion  to  its  causa; 
and  to  avoid  tne  chance  of  error  from  this  source,  the  term  ipee^ 
caloric  has  been  proposed  as  a  substitute  for  it,  and  is  now  Tery  gene* 
rally  employed. 

It  is  certainly  a  singular  fact,  that  two  substances  of  equal  tempeit- 
ture  should  contain  unequal  quantities  of  caloric,  and  many  attempti 
have  been  made  to  account  for  it.  The  explanation  deduced  fromtiie 
views  of  Dr  Black  is  the  following :  He  conceived  that  caloric  exiits 
in  bodies  under  two  opposite  conditions ;  in  one  it  is  supposed  to  be 
in  a  state  of  chemical  combination,  when  it  lays  aside  its  promioeBt 
characters,  and  remains  as  it  were  concealed,  without  evincing  any 
signs  of  its  presence ;  in  the  other,  it  is  free  and  uncombined,  passiDg 
readily  from  one  substance  to  another,  affecting  the  senses  in  its  pas* 
sage,  determining  the  height  of  the  thermometer,  and  in  a  word 
giving  rise  to  all  the  phemomena  which  are  attributed  to  this  actife 
principle. 

Objections  might  easily  be  started  against  this  ingenious  conjectare; 
but  it  certainly  has  (he  merit  of  explaining  phenomena  more  satisfac* 
torily  than  any  view  that  has  been  proposed  in  its  place.  It  is  entirely 
consistent  with  analogy.  For  since  caloric  is  regarded  as  a  material 
substance,  it  would  be  altogether  anomalous  were  it  not  influenced, 
like  other  kinds  of  matter,  by  chemical  affinity;  and  if  this  be  admitted, 
it  ought  certainly,  in  combining,  to  lose  some  of  the  properties  by 
which  it  is  distinguished  in  its  tree  state.  According  to  this  view,  it 
is  intelligible  how  two  substances,  from  being  in  the  same  condition 
with  respect  to  free  caloric,  may  have  the  same  temperature ;  and  yet 
that  their  actual  quantities  of  caloric  may  be  very  different,  in  con* 
sequence  of  one  containing  more  of  that  principle  in  a  combii^ed  or 
latent  state  than  the  other.  But  in  admitting  the  plausibility  of  this 
explanation,  it  is  proper  to  remember  that  it  is  at  present  entirely  hy- 
pothetical ;  and  that  the. language  suggested  by  an  hypothesis  should 
not  be  unnecessarily  associated  with  the  phenomena  to  which  it 
owes  its  origin.  Accordingly,  the  word  sensible  is  better  than  free 
caloric,  and  insensible  preferable  to  combined  or  latent  caloric;  for  by 
such  terms  the  fact  is  equally  well  expressed,  and  philosophiod  pro* 
priety  strictly  preserved*. 


•  The  theory  of  latent  heat  of  Dr  Black,  as  applied  to  the  explana- 
tion of  the  different  specific  heats  of  bodied,  would  seem  in  some 
respects  to  be  unphilosophical.  If  Pictet's  theory  of  the  equilibrium 
of  caloric  be  admitted,  then  the  equality  of  temperature  of  any  two 
bodies  means  merely  that  their  caloric  has  no  tendency  to  pass  from 
one  to  the  other,  without  the  idea  having  any  necessary  connec- 
tion with  the  absolute  quantity  of  caloric  contained  in  them.  It  maj[ 
be  admitted  as  highly  probable  that  the  reason  why  different  bodies 
assume  to  themselves  unequal  quantities  of  heat,  when  this  principle 
bas  assumed  a  state  of  rest,  is  ihal  \\\e\i  ^uVVve^  ^c^i  c^locic  are  diror- 
ent;  yet  it  by  no  means  foUoiva,  Ibal  iViq  ciVoiKc  m  -&m^  \^^\«^*^\sk. 
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It  is  of  importincfl  to  know  the  ipecifie  caloric  of  bodies.    The 
moBt  convenient  method  of  diacoverinK  it«  is  by  mixing  different  sub- 
■taoeea  tof^ether  in  the  way  just  described,  and  observing;  the  relative 
MUitities  of  caloric  requisite  for  heating  them  by  the  same  number  of 
degrees.     The  caloric  required  to  heat  equal  quantities  of  water,  sper- 
maeeti  oil,  and  mercury  by  one  degree,  is  in  the  ratio  of  23, 14,  and  1,  and 
tlierefore  their  capacities  for  caloric  are  expressed  by  those  numbers. 
Water  is  commonly  one  of  the  materials  employed  in  such  experi- 
ments, as  it  is  customary  to  compare  the  capacity  of  other  bodies  with 
that  of  water. 

This  method  was  first  suggested  by  Dr  Black,  and  was  afterwards 
practised  to  a  great  extent  by  Drs  Crawford  and  Irvine*.  But  the 
same  knowledge  may  be  obtained  by  reversing  the  process, — by  noting 
the  relative  qaantities  of  caloric  which  bodies  give  out  in  cooling ;  for 
if  water  requires  28  times  more  caloric  than  mercury  to  raise  its  tem- 
perature by  one  or  more  degrees,  it  must  also  lose  28  times  as  much 
when  it  cools.  The  calorimeter,  invented  and  employed  by  Lavoisier 
and  Laplace,  acts  on  this  principle.  The  apparatus  consists  of  a  wire 
cage,  suspended  in  the  centre  of  a  metallic  vessel  so  much  larger  than 
itself,  that  an  interval  is  left  between  them,  which  is  filled  with  frag- 
ments of  ice.  The  mode  of  estimating  the  quantity  of  caloric  which 
is  emitted  by  a  hot  body  pluced  in  the  wire  cage,  depends  upon  the 
fact,  that  ice  cannot  be  heated  beyond  82°  F ;  since  every  particle  of 
caloric  which  is  then  supplied  is  employed  in  liquefying  it,  without  in 


two  different  states,  sennble  or  free,  and  insensible  or  combined.  If 
we  impart  ten  degrees  of  heat  to  equal  weights  of  water  and  oil,  the 
water  will  have  received  twice  as  much  caloric  as  the  oil.  Here  "the 
actual  Quantities  of  caloric*'  received  are  "  very  different ;"  but  are 
we  on  tnls  account  to  suppose  that  part  of  the  caloric  received  by  the 
water  is  in  an  insensible  or  combined  state  ?  It  will  at  once  be  evi- 
dent that  this  cannot  be  the  case  ;  for  if  the  equal  weights  of  water 
and  oil,  after  being  heated  ten  degrees,  be  allowed  to  cool  equally, 
the  water  will  lose  twice  as  much  actual  caloric  as  the  oil.  Now 
all  the  caloric  lost  during  the  cooling  becomes  free  caloric ;  for  it  is 
distributed  among  surrounding  bodies. 

The  fact  is,  that  the  quantity  of  caloric  gained  or  lost  by  any  num- 
ber of  bodies,  in  being  heated  or  cooled  through  the  same  number  of  de- 
grees, bears  a  constant  proportion  to  their  several  specific  heats.  Hence 
to  maintain  an  equality  of  temperature  among  any  set  of  bodies,  the 
quantity  of  caloric  contained  by  each  must  be  directly  proportional  to 
its  specific  heat.  Whatever  subverts  this  relation  will  necessarily 
change  the  temperature. 

It  sometimes  happens  that  the  loss  or  gain  of  caloric  by  a  body  is  exactly 
proportional  to  the  change  it  may  undergo  in  specific  heat  or  capacity. 
Thus,  if  a  body  receive  caloric,  and  have,  at  the  same  time,  its  capa- 
city proportionably  increased,  its  temperature  remains  the  same,  though 
it  be  constantly  receiving  caloric  ;  and  it  is  by  such  cases  as  these  that 
the  doctrine  of  insensible  or  combined  heat  is  most  plausibly  support- 
ed. But,  upon  taking  a  nearer  view  of  the  subject,  it  will  be  found 
that  the  temperature  remains  the  same  in  conformity  with  the  piinci- 
ples  laid  down  in  this  note;  for  the  capacity  and  heat  being  8iin^|^^ 
neously  and  proportionably  increased,  the  relation  between  thf^^^^ 
far  from  l)eing  subverted,  is  maintained.    B. 

*  Crawford  on  Animal  Heat,  and  Irvine's  Chemical  Etity 


\ 
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the  least  affiBctiQn^  its  tempertture.  If,  therefore,  m  flask  of  boUi^ 
water  is  put  into  the  cage,  it  will  gradually  cool,  the  ice  will  contiHi 
at  82^,  and  a  portion  of  ice-cold  water  will  be  formed ;  and  the  ihi  |li 
change  will  iiappen  when  heated  mercury,  oil,  or  any  othar  m^ 
stance  is  substituted  for  the  hot  water.  The  sole  differenes  «§ 
consist  in  the  quantity  of  ice  liquefied,  which  will  be  proportioMi  II 
the  caloric  lost  by  those  bodies  while  they  cool ;  so  that  their  capad^ 
is  determined  merely  by  measuring  the  quantity  of  water  prodiieaily 
each  of  them.  This  is  done  by  allowing  the  water,  as  it  lorma.  Ism 
out  of  the  calorimeter  by  a  tube  fixed  in  the  bottom  of  it,  and  ei» 
fully  weighing  the  liquid  which  issues. 

There  is  one  obvious  source  of  fallacy  in  this  mode  of  operall^ 
against  which  it  is  necessary  to  provide  a  remedy ;  namely,  the  lee  Ml 
only  receives  caloric  from  the  substance  in  the  central  cage,  bat  ■■! ' 
also  receive  it  from  the  air  of  tho  apartment  in  which  the  espeiteHl 
is  conducted.  This  inconvenience  is  completely  avoided  by  m^ 
founding  the  whole  apparatus  by  a  lai^er  metallic  vessel  of  the  shi 
form  as  tho  smaller  one,  and  of  nuch  a  size  that  a  certain  space  is  lift 
between  them,  which  is  to  be  filled  with  pounded  ice  or  snow,  lb 
externul  heat  can  now  penetrate  to  the  inner  vessel ;  because  all  Ik 
caloric  derived  from  the  apartment  is  absorbed  by  the  outer  one,  ni 
is  employed,  not  in  elevating  its  temperature,  but  in  dissolving  As 
pounded  ice  within  it. 

Notwithstanding  this  precaution,  however,  the  accuracy  of  the  calori- 
meter may  fairly  be  questioned.  That  the  results  obtained  by  itshoidd 
be  correct,  it  is  essential  that  all  the  water  which  is  produced  shodd 
flow  out  and  bo  collected.  ]}m  there  is  reason  to  suspect  that  soma 
of  the  water  is  apt  to  freeze  again  before  it  has  had  time  to  escaps; 
and  if  this  be  true,  as  a  priori  is  very  probable,  then  the  informilioi 
given  by  the  calorimeter  must  be  rejected  as  useless. 

The  specific  caloric  of  the  gases  may  be  detcnnined  in  the  same 
way  as  that  of  liquids  and  solids  ;  but  as  the  quantity  of  heat  eiven  ovt 
by  them  in  cooling,  even  through  a  considerable  number  of^degresi, 
is  very  small*,  the  investigation  is  ouo  of  considerable  difficulty.  Itie 
following  table  contains  the  conclusions  of  Dr  Crawford  and  of  Dsia- 
roche  and  B^rardf.  Equal  weights  of  each  substance  are  oomparsd 
together,  and  the  capacities  are  referred  to  water  as  unity. 

Delaroche  and  Berard,  Craufford* 

Water                                                 1.0000         .  .  1.0000 

Air                             .                .        0.2669  .  1.7900 

Hydrogen  gas           .                .        8.2936        .  .  21.4000 


*  This  remark  of  Dr  Turner  may  possibly  lead  the  student  into  enor, 
and  therefore  requires  some  elucidation.  It  cannot  be  intended  to  con- 
vey the  idea  that  the  specific  caloric  of  gases  is  very  small,  when  com- 
pared, in  equal  weights,  with  solids;  though  this  is  the  fact  when 
they  are  compared  in  equal  volumes  with  the  latter.  But  in  point  of 
fact,  as  the  gases  are  more  easily  experimented  upon,  when  taken  in  a 
convenient  quantity  in  volume,  the  weight  of  which  is  necessarily 
small,  it  follows  that,  in  the  investigation  of  the  specific  caloric  of 
gtses,  the  quantity  of  heat  to  be  estimated  in  any  one  experiment  is 
proportiontbly  minute.  With  respect  to  hydrogen,  in  no  point  of 
«**w  ■■»  its  specific  caloric  be  considered  small;  for  it  is  mora  than 
hiUfcat  as  that  of  an  equal  weight  of  water,  taking  the  re- 
"^^  "nd  Berard.     B. 

for  1818,  or  Anixa\s  oC  PViV\obo\\ky>^^^*  ^* 


JDelaroehe  and  BSrard, 

Orauford, 

0.2210 

1.04M 

0.2361 

4.7490 

0.2754 

0.7986 

0.2369 

0.4207 

0.2884 

0.8470 

liMSOO* 
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c  acid  gas    . 

gas 
I  gas 
oxide  gas    . 

gas 

c  oxide  gas 
I  vapour 

liscordance  in  these  results  is  a  sufficient  proof  of  the  difficulty 
quiry .  Dr  Crawford  had  determined  by  experiment,  that  solM 
bave  a  less  capacity  for  caloric  than  liquids ;  and  it  follows, 
e  numbers  contained  in  the  preceding  table,  that  gases  in 
are  superior  in  this  respect  to  liquids.  It  had  also  been  ob- 
hat  the  specific  caloric  of  a  gas  increases  when  it  Is  dilated, 
linisbes  when  it  suffers  condensation.  It  seemed  probable 
is,  that  the  capacity  of  the  same  body  for  caloric  wonid  in- 
when  its  density  l>ecame  less,  or  its  cohesion  diminished,  as 
solid  liquefies,  or  a  liquid  is  converted  into  vapour.  These 
'ere  &voured  by  the  experiments  of  Crawford,  but  completely 
led  by  those  of  Delaroche  and  B^rard ;  since,  according  to  the 
hority,  the  specific  caloric  of  watery  vapour  is  much  greater 
it  of  water,  while,  according  to  the  second,  it  is  considerably 

iwing  a  parallel  between  the  two  sets  of  experiments,  the  pre* 
must  certainly  be  given  to  those  of  Delaroche  and  B4rard. 
eing  the  most  recent  experimenters  on  the  subject,  they  had 
experience  of  their  predecessors  to  guide  them ;  and  their  ap- 
though  complicated  and  difficult  to  manage,  was  belter  suited 
3bject  than  that  of  Crawford.  Their  results  agree,  also,  with 
)ubUshed  in  1819  by  MM.  Clement  and  Desormes  in  the 
I  de  Physique  Ixxxix.  320 ;  and  Mr.  Dalton,  in  the  second  vo- 
f  his  Chemical  Philosophy,  page  282,  states  that  he  has  re- 
the  experiment  of  Delaroche  and  B^rard  on  the  specific  caloric 
spheric  air,  and  is  convinced  that  their  number  is  very  near  the 
The  results  of  Dr  Crawford,  therefore,  must  be  given  up  as 
ly  of  confidence. 

hese  reroarlcs  apply  only  to  the  gases.  The  specific  caloric  of 
vapour  cannot  be  regarded  as  known  with  the  same  degree  of 
y :  nor  do  Delaroche  and  B^rard  themselves  place  much  reli- 
i  the  accuracy  of  their  result.    This  point  then  must  be  left  to 


the  above  numbers  for  specific  caloric,  the  several  gases  are 
;d  in  equal  weights.  According  to  some  recent  experiments  of 
aft,  and  particuiariy  of  Aug.  Delarive  and  Fr.  Marcet,  it  ap- 
lat  equal  volumes  of  all  gases,  at  the  same  temperature,  and 
he  same  pressure,  have  the  same  specific  heat.  Berzelius, 
ie  Chimiey  i.  89. 

es  not  appear  to  be  equally  true  that  the  same  volume  of  any 
imated  under  different  pressures,  has  the  same  specific  heat, 
the  experiments  of  Delarive  and  Marcet,  the  specific  caloric 
or  the  same  volume  of  gas,  the  less  the  pressure  to  which  it  is 
3d.  This  result  corresponds  with  the  observations  of  Delaroche 
rard,  who  found  that  the  specific  caloric  of  a  given  wei^t  rf^ 
)anded  to  double  its  volume,  is  not  doubled,  thou^Vl  consr*^ 
creased.    See  note  of  the  author,  at  page  48.    B, 
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be  decided  by  future  observatioD ;  for  the  data  which  we  at  present 
poaess  cannot  be  trusted. 

The  facts  hitherto  determined  concerning  the  specific  calorie  of 
bodies  may  be  arranged  under  the  four  following  heads. 

1.  Every  substance  has  a  specific  caloric  peculiar  to  itaalf ;  wbonea 
it  follows  that  a  change  of  composition  will  be  attended  by  a  dniigi 
of  capacity  for  caloric. 

2.  The  specific  caloric  of  a  l>ody  varies  with  its  form.  A  aolld  hii 
a  less  capacity  for  caloric  than  when  it  is  liquid ;  thus  the  capacity  of 
water  hi  the  solid  state  is  900,  and  in  the  liquid  1000.  It  was  fomedjr 
supposed  that  the  same  substance  has  a  greater  specific  caloric  in  tlio 
form  of  gas  than  when  it  is  in  a  solid  or  liquid  form ;  but  the  discxt- 
pancy  above  alluded  to  respecting  the  comparative  specific  calorie  of 
water  and  watery  vapour,  throws  a  doubt  on  this  supposition  wfeMi 
can  l>e  cleared  away  only  by  future  and  more  accurate  experiments. 

8.  The  specific  caloric  of  all  gases  increases  as  their  density  dimli- 
Ishes,  and  conversely,  the  former  decreases  with  tlie  hicraase  of 
density*.  This  being  the  case  with  elastic  fluids,  it  may  reasonably 
be  asked  whether  the  same  law  does  not  extend  to  liquids  and  solids; 
whether  water,  for  instance,  at  32",  possesses  the  same  specific  caloric 
as  when  dilated  by  a  high  temperature.  Drs  Crawford  and  Irvine 
contended  ttiat  it  is  permanent  or  nearly  so,  affirming  that  solids  and 
liquids  possess  the  same  specific  caloric  at  all  temperatures,  so  long  is 
Uiey  suffer  no  change  of  form  or  composition.  Mr  Dalton,  on  tiio 
contrary,  (Chemicaf  Philosophy,  part  I.  p.  60),  in  endeavours  to  show 
that  the  specific  caloric  of  such  bodies  is  greater  high  than  in  low 
temperatures;  and  Petit  and  Dulong,  in  the  essay  already  quotod, 
have  proved  it  experimentally  with  respect  to  several  of  them.  Thus 
the  mean  capacity  of  iron  between 


O"  c 

and       .    100°  Cent 

is            0.1098 

0*>C 

200°  C 

0.1150 

o?c 

300°  C 

0.1218 

o°c 

350°  C 

0.1250 

md  the  same  is 

true  of  the  substances  contained  in  the  following  TtUo* 

Mean  capacity 

Mean  capaaly 

between  0°  and  100° 

C 

between  0°  and  800*  C 

Mercury 

0.0330 

0.0350 

Zinc 

0.0927 

0.1016 

Antimony 

0.0507 

0.0549 

Silver 

0.0657 

0.0611 

Copper 

0.0949 

0.1018 

Platinum 

0.0336 

0.0365 

Glass 

0.1770 

0.1900 

It  is  difficult  to  determine  whether  the  increased  specific  calorie 
observed  in  solids  and  liquids  at  high  temperatures  is  owing  to  the  •^ 
cumulation  of  heat  within  them,  or  to  the  dilatation.  It  is  ascribed  is 
general  to  the  latter,  and  I  believe  correctly ;  because  the  expansion 
and  contraction  of  gases  by  change  of  pressure,  without  the  aid  of 


*  Delaroche  and  B^rard  ascertained  that  the  capacity  of  gases  for 

caloric  does  not  increase  in  the  same   ratio  as  the  diminution  of 

density,  but  according  to  a  less  Tap\d  ipioct^ft«\oi\.    Thus,  tfie  speeiiie 

caloric  of  any  gas  being  I,  it  is  uol^  Wu^ii  \Va  \k\A\L\%  ^woBcM^M 

hetween  one  and  tv?o. 
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heat,  is  attended  with  corresponding  chants  or  capacity  for  caloric. 

4.  A  change  of  capacity  for  caloric  always  occasions  a  change  of 
temperature.  An  increase  in  the  former  is  attended  by  a  diminution 
of  the  latter ;  and  a  decrease  in  the  former,  by  an  increase  of  the  latter. 
Thus  when  air,  confined  within  a  flaccid  bladder,  is  suddenly  dilated 
by  means  of  the  air-pump,  a  thermometer  placed  in  it  will  indicate  the 
production  of  cold.  On  the  contrary,  when  air  is  compressed,  the 
eonesponding  diminution  of  Its  specific  caloric  gives  rise  to  an  in- 
crease of  temperature ;  nay,  so  much  heat  is  evolved  when  the  com- 
pression is  sudden  and  forcible,  that  tinder  may  be  kindled  by  it.  The 
explanation  of  these  facts  is  obvious.  In  the  first  case,  a  quantity  of 
caloric  becomes  insensible,  which  was  previously  in  a  sensible  state ; 
in  the  second,  caloric  is  evolved,  which  was  previously  latent. 

From  some  experiments,  the  result  of  which  is  given  in  the  10th 
volume  of  the  jfn.  de  Ch,  et  Ph.,  MM.  Dulong  and  Petit  have  in- 
ferred that  the  atoms  of  simple  substances  have  the  same  capacity  for 
caloric.    The  following  table  is  taken  from  their  essay.    (Page  403.) 

Products  of   the 

weight  of  each 

8^c^  Calorie,        Relatioe  weights      Atom  hy  the  eor^ 

of  Atoms.  responding   ca* 

pacity, 
Blsmotli  0.0288  18.30  0.3830 

LMd  0.0293  12.95  0.3794 

Gold  0.0298  12.43  0.3704 

PliCiiMim  0.0335  11.16  0.3740 

Till  0.0514  7.35  0.3779 

SUver  0.0557  6.75  0  3759 

Zinc  0.0927  4.03  0.3736 

TeUuriam  0.0912  4.03  0.3675 

Copper  0.0949  3.957  0.3755 

Nickel  0.1035  3.69  0.8819 

Iron  0.1100  3.892  0.3731 

Cobalt  0.1498  2.46  0.3685 

Sulphur  0.1880  2.011  0.3780* 

In  the  new  part  of  his  Chemical  Philosophy,  page  293,  Mr  Dalton 
has  made  some  strictures  in  reference  to  this  table,  tending  to  show 
that  the  opinion  of  Dulong  and  Petit  cannot  be  correct,  and  stands  in 
opposition  to  their  own  facts.  Mr  Dalton  argues  that  the  product  of 
the  weight  of  an  atom  by  the  corresponding  capacity  for  caloric,  is  not 
a  constant  quantity ;  because  the  capacity  of  the  same  substance  varies 
with  change  of  form,  or  even,  according  to  their  own  experiments, 
from  variation  of  temperature  without  change  of  foim.  To  the  latter 
part  of  the  criticism,  Dulong  and  Petit  are  certainly  exposed  ;  but  they 
fiave  anticipated  the  former  by  remarking,  that  the  law  is  not  affected 
by  change  of  form,  provided  the  substances  compared  are  taken  in  the 
lame  state.  Whether  this  position  is  or  is  not  correct,  remains  to  be 
proved. 


*  If  the  atomic  weights  contained  in  this  table  were  corrected  ac- 
cording to  the  latest  determinations,  the  coincidences  between  the 
ipedfic  heats  of  the  atoms  would  be  far  less  striking;.    See  «ome  m- 
teresttn|r  strictures  on  this  table  by  Professor  A.  D.  'Bf^cYve,  o^  ^^ 
Voivenity  of  PeaasylvsDia,  contained  in  the  Journal  oi  iVie  Kt^^etK^ 
of  Natural  Scieac^  of  PhUadelphia,  for  January  1829.    B. 
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On  Liquefaction. 

All  bodies,  hitherto  known,  are  either  lolid^  liquid,  or  gaseods  ;  tad 
the  form  they  asstime  depends  on  the  relatfVe  intensity  of  cohesidn  ind 
repulsion.  Should  the  repulsive  force  be  comparatively  feeble^  the 
particles  will  adhere  so  firmly  together  that  they  cannot  move  neely 
upon  one  another,  thus  constitutmg  a  solid.  If  cohesion  is  so  far  coun- 
teracted by  repulsion,  that  the  particles  move  on  each  other  finely,  a 
liquid  is  formed.  And  should  the  cohesive  attraction  be  enth«ly  over- 
come, so  that  the  particles  not  only  move  freely  on  each  other,  bot 
separate  from  one  another  to  an  almost  indefinite  extent  unless  ie« 
strained  by  external  pressure,  an  aeriform  substance  will  be  prodoead. 
Now  the  property  of  repulsion  is  manifestly  owing  to  calorie;  md 
as  it  is  easy  within  certain  limits  to  increase  or  diminish  the  quanti^ 
of  this  principle  in  any  substance,  it  follows  that  the  form  of  bodies  mty 
be  made  to  vary  at  pleasure ;  that  is,  by  a  sufficiently  intense  beat,  eveiy 
solid  may  be  converted  into  a  fluid,  and  every  fluid  into  the  aerifimi 
state.  This  inference  is  justified  by  experience  so  far,  that  it  may 
safely  be  considered  a  general  law.  The  converse  ought  also  to  be 
true ;  and,  accordingly,  several  of  the  gases  have  already  been  eoa- 
densed  by  means  of  pressure  into  liquids,  and  liquids  have  been  soMdl* 
fied  by  cold.  The  temperature  at  which  liquefoction  takes  place  ii 
called  the  melting  point,  or  point  of  fusion ;  and  that  at  which  Uqiridf 
solidify,  their  point  of  congelation.  Both  these  points  are  difierent  fiit 
different  substances,  but  uniformly  the  same,  under  similar  rirrnmstin 
ces,  in  the  same  body. 

The  most  important  circumstance  relative  to  liquefaction  is  the  dis* 
covery  of  Dr  Black,  that  a  large  quantity  of  caloric  disappears,  or  b«* 
comes  insensible  to  the  thermometer,  during  the  process.  If  a  pound 
of  water  at  82**  be  mixed  with  a  pound  of  water  at  172°,  the  tempera- 
ture of  the  mixture  will  be  intermediate  between  them,  or  102**.  Bot 
if  a  pound  of  water  at  172°  be  added  to  a  pound  of  ice  at  82°,  the  iee 
will  quickly  dissolve,  and  on  placing  a  thermometer  in  the  mixture,  it 
will  be  found  to  stand,  not  at  102°,  but  at  82°.  In  this  experiment,  the 
pound  of  hot  water,  which  was  originally  at  172°,  actually  loses  140 
degrees  of  caloric,  all  of  which  entered  into  the  ice,  and  caused  its  li- 
quefaction, but  did  not  affect  its  temperature ;  and  it  follows,  there- 
fore, that  a  quantity  of  caloric  becomes  insensible  during  the  meltii^  of 
ice,  sufficient  to  raise  the  temperature  of  an  equal  weight  of  water  140 
degrees  of  Fahrenheit.  This  explains  the  well  known  fact,  on  which  the 
graduation  of  the  thermometer  depends, — that  the  temperature  of  melt- 
ing ice  or  snow  never  exceeds  32^  F.  All  the  caloric  which  is  added 
becomes  insensible,  till  the  liquefaction  is  complete. 

The  loss  of  sensible  caloric  which  attends  liquefaction  seems  essen- 
tially necessary  to  the  change,  and  for  that  reason  is  frequently  called 
the  calorie  of  fluidity.  The  actual  quantity  of  caloric  required  for 
this  purpose  varies  with  the  substance,  as  is  proved  by  the  followhu; 
results  obtained  by  Irvine.  The  degrees  indicate  the  extent  to  wiiica 
an  equal  weight  of  each  material  may  be  heated  by  the  caloric  of  flu- 
idity which  is  proper  to  it. 

Calorie  ofFltddUy, 

Sulphur  .  .  143.68°  F. 

Spermaceti  •  •  146° 

Lead  .  .  162'' 

Bee8'W9LX  .  .  176° 

Zinc  .  •  Aa^'  ] 

Tia  .  ,  Wf 

Bismuth  ^^^ 


Caiofie.  51 

Ai  so  much  heat  disappears  during  liquefaetioo,  it  follows  that  ca- 
lorie must  bis  evolyed  when  a  liquid  passes  into  a  solid.  This  may 
easily  be  proved.  The  temperature  of  water  in  Ae  act  of  freezing 
Dorer  falls  below  82**  F.  though  it  be  exposed  to  an  atmosphere  in 
which  the  thermometer  is  at  zero.  It  is  obvious  that  the  water  can 
preserve  its  temperature  in  a  medium  so  much  colder  than  itself,  only 
by  the  caloric  wnich  it  loses  being  instantly  supplied  ;  and  it  is  no  less 
clear  that  the  only  source  of  supply  is  the  caloric  of  fluidity.  Further, 
if  pore  recently  boiled  water  be  cooled  very  slowly,  and  kept  very  tran- 
qnil,  its  temperature  may  be  lowered  to  21°  F.  without  any  ice  being 
rormed ;  but  the  least  motion  causes  it  to  congeal  suddenly,  and  in  do- 
iocso,  its  temperature  rises  to  32**  F.* 

The  explanation  which  Dr  Black  gave  of  these  phenomena  const!- 
tutee  what  is  called  his  Doctrine  of  laXent  heat,  which  was  partially 
explained  on  a  former  occasion.  (Page  44.)  He  conceived  that  ca- 
lorie in  causing  fluidity  loses  its  property  of  acting  on  the  thermo- 
meter Id  consequence  of  combining  chemically  with  the  solid  sub- 
stance, and  that  liquefaction  results,  because  the  compound  so  formed 
does  not  possess  that  degree  of  cohesive  attraction  on  which  solidity 
depends.  When  a  liquid  is  cooled  to  a  certain  point,  it  parts  with  its 
csMMie  of  fluidity,  heat  is  set  free  or  becomes  sensible,  and  the  cohe- 
sion natural  to  the  solid  is  restored.  The  same  mode  of  reasoning  was 
applied  by  Dr  Bhick  to  the  conversion  of  liquids  into  vapours,  during 
which  change  a  large  quantity  of  caloric  disappears. 

A  different  explanation  of  these  phenomena  was  proposed  by  Dr 
Irvine.  Observing  that  a  solid  has  a  less  capacity  for  caloric  than  the 
same  substance  when  in  a  liquid  state,  he  argued  that  this  circum- 
stance alone  accounts  for  caloric  becoming  insensible  during  liquefac- 
tion. For  since  the  capacity  of  ice  and  water  for  caloric,  or  in  other 
words  the  quantity  of  heat  required  to  raise  their  temperature  by  the 
same  number  of  degrees,  was  found  to  be  as  9  to  10,  Dr  Irvine  infer- 
red  that  water  must  contain  one-ninth  more  caloric  than  ice  of  the 
same  temperature,  and  that  as  this  difference  must  be  supplied  to  the 
ice  when  it  i»  converted  into  water,  this  change  must  necessarily  be 
accompanied  with  the  disappearance  of  caloric.  Dr  Irvine  applied  the 
same  argument  to  the  liquefaction  of  all  solids,  and  likewise  to  ac- 
count for  the  caloric  which  is  rendered  insensible  during  the  formation 
of  vapour. 

Two  objections  may  properly  be  urged  against  the  opinion  of  Dr 
Irvine.  In  the  first  place,  no  adequate  reason  is  assigned  for  the  li- 
^oefaction.  It  accounts  for  the  disappearance  of  caloric  which  ac- 
companies liquefaction,  but  does  not  explain  why  the  body  becomes 
liquid ;  whereas  the  hypothesis  of  Dr  Black  affords  an  explanation  both 
of  the  change  itself,  and  of  the  phenomena  that  attend  it.  But  the 
second  objection  is  still  more  conclusive.  Dr  Irvine  argued  on  the 
belief  that  a  liquid  h9S  in  every  case  a  greater  capacity  for  caloric  than 
When  in  the  solid  state  ;  and  though  this  point  has  not  been  demon- 
itrated  in  a  manner  entirely  decisive,  yet  from  the  experiments  hith- 
erto made  it  appears  that  liquids  in  general  have  a  greater  specific  ca- 
loric than  solids,  and  that  therefore  Dr  Irvine's  assumption  Is  probably 
correct.  In  like  manner  he  believed  vapours  to  have  a  greater  capa- 
city for  caloric  than  the  liquids  that  yield  them,  and  his  opinion  was 
eupported  by  the  experiments  of  Crawford  on  the  specific  caloric  of 
Water  and  watery  vapour.    But  no  reliance  whatever  can  be  placed  va 


'  Sir  Cb.  Bhgdea,  id  PIuIob.  Trans,  for  1788. 
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the  researchef  of  Dr  Crawford  on  tbk  subject ;  not  only  because  bb 
result  is  so  diflferent  from  that  obtained  by  Delaroche  and  B^rard,  but 
because  all  his  other  experiments  on  the  specific  caloric  of  elastic  flu- 
ids are  decidedly  erroneous.  (Page  46.)  Indeed  from  the  fact  of  most 
gases  having  a  less  specific  caloric  than  liquids,  it  is  probable  that  the 
capacity  of  elastic  fiuids  in  general  for  caloric  is  inferior  to  that  of  the 
liquids  from  which  they  are  derived*.  The  disappearance  of  caloric 
during  vaporization  is  therefore  not  explicable  on  the  views  of  Irvine; 
it  is  necessary  to  employ  the  theory  of  Dr  Black  to  account  for  t^ 
change,  and  therefore  the  same  doctrine  should  be  applied  to  the  ana- 
logous phenomenon  of  liquefaction. 

In  speculating  on  the  cause  of  the  specific  caloric  of  bodies  at  puDD 
44,  I  had  recourse  to  the  doctrine  of  latent  or  combined  caloric.  Dr 
Black  restricted  the  use  of  this  hypothesis  to  explain  the  pbeDomeaa 
of  liquefaction  and  vaporization ;  but  I  apprehend  it  may  be  applied 
without  impropriety  to  all  cases  where  caloric  passes  from  a  seoisible 
to  an  insensible  state.  That  this  may  happen  when  caloric  enteiia 
body,  without  change  of  form,  is  easily  demonstrated.  Thus,. in  order 
to  raise  an  equal  weight  of  water  and  mercury  by  the  same  number  (A 
degrees,  it  is  necessary  to  add  28  times  as  much  heat  to  the  water  as 
to  the  mercury  ;  a  fact  which  proves  that  a  quantity  of  caloric  becomes 
insensible  to  the  thermometer  when  the  temperature  of  water  is  raised 
by  one  degree,  just  as  happens  when  ice  is  converted  into  water,  or 
water  into  vapourf.  The  phenomena  are  in  this  point  of  view  ideo* 
tical ;  and,  therefore,  the  same  mode  of  reasoning  by  which  one  of 
them  is  explained,  may  be  employed  to  account  for  the  other. 

The  disappearance  of  sensible  caloric  in  liquefaction  is  the  basis  of 
many  artificial  processes  for  producing  cold.  All  of  them  are  coD* 
ducted  on  the  principle  of  liquefying  solid  substances  without  the  aid 
of  heat.  For  the  caloric  of  fluidity  being  then  derived  chiefly  froffl 
that  which  had  previously  existed  within  the  solid  itself  in  a  sensible 
state,  the  temperature  necessarily  falls.  The  degree  of  cold  thus  pro- 
duced depends  upon  the  quantity  of  caloric  which  disappears,  and  thif 
again  is  dependent  on  the  quantity  of  solid  liquefied,  and  the  rapidity 
of  liquefaction. 

The  most  common  method  of  producing  cold  is  by  mixing  together 
equal  parts  of  snow  and  salt.  The  salt  causes  the  snow  to  melt  by 
reason  of  its  affinity  for  water,  and  the  water  dissolves  the  salt,  so  that 
both  of  them  become  liquid.  The  cold  thus  generated  is  32  degrees 
below  the  temperature  of  freezing  water ;  that  is,  a  thermometer 
placed  in  the  mixture  would  stand  at  zero.  This  is  the  way  originally 
proposed  by  Fahrenheit  for  determining  the  commencement  of  bis 
scale. 

Any  other  substances  which  have  a  strong  affinity  for  water  may 
be  substituted  for  the  salt ;  and  those  have  the  greatest  effect  in  pro- 
ducing cold  whose  affinity  for  that  liquid  is  greatest,  and  which  con- 
sequently produce  the  most  rapid  liquefaction.  The  crystallized  mu- 
riate of  lime,  proposed  by  Lowitz,  is  by  far  the  most  convenient  in 
practice.  This  salt  may  be  made  by  dissolving  marble  in  muriatic 
acid.  The  solution  should  be  concentrated  by  evaporation,  till  upop 
letting  a  drop  of  it  fall  upon  a  cold  saucer,  it  becomes  a  solid  mass. 
It  should  then  be  withdrawn  from  the  fire,  and  when  cold  be  speedily 
reduced  to  a  fine  powder.    From  its  extreme  deliquescence  it  must 


*  See  Bote,  page  46,  relating  to  ih\s  poVivV.    B. 

f  See  note,  p.  44,  where  this  view  oi  iVie  au\)^«cV.\A  evQXw;«i\ft^«  ^> 
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Menred  in  well-stopped  yeiselfl.  Tbe  followiiig  table,  from  Mr 
ff*e  paper  in  tbe  Philosophical  Transactfons  for  1801,  eontiiiif 
•t  proportions  for  producing  intense  cold. 

Frigorific  Mixtures  with  Snow*. 


MIZTITRBS. 

Paita  by  Weight. 
te  of  Soda  1 

2 


:e  of  Soda 
»  of  Ammonia 


2 
1 


ThennomeUr  $ink9 


to  — 6' 


jO  of  Soda 
le  of  Ammonia 
»  of  Potassa 


10 
6 
5 

24 


»ofSoda 
» of  Ammonia 


5 

6 

12 


U 

6 

a 

o 


Dtgrtttf  Cold 
proiueod. 


to  — 12" 


to  —  18' 


to  —  26" 


»d  Sulphuric  Acid 


2 
8 


from  +  82*  to -h  28° 


56  degrees. 


atrated  Muriatic  Acid    5 

8 


from  +  82°  to  —  27' 


59 


Atrated  Nitrous  Acid      4 

7 


from  +  82''to  — 80' 


62 


D  of  Lime 


Qized  Muriate  of  Lime  8 


from  +  82°  to  —  40' 


72 


from4-82°to  — 60' 


82 


Potassa 


from  +  32°  to --^  61°     83 


ireezing  mixtures  may  be  made  by  the  rapid  solution  of  salts, 
t  the  use  of  snow  or  ice ;  and  the  following  table,  taken  from 
'•paper  in  the  Philos.  Trans,  for  1795,  includes  the  most  im- 
of  them.    The  salts  must  be  finely  powdered  and  dry. 


i  snow  should  be  freshly  fallen,  dry  and  uncompressed.    If 
mnot  be  had,  finely  pounded  ice  may  be  substituted  for  it. 
de  of  strong  acid,  diluted  with  half  its  weight  of  snow  or  distiU 


Br. 


:  2 


Parw  by  VV 

Muriate  of  Ammooii 

NilralsofPoUsaa 

Water 

B 
16 

from  +  50" 

«  Ml, 
0  +  10= 

Dtgree  of  Cold 
produced. 

40  degreeg, 

Muriate  ot  AnimODia 
Nitiale  of  PoUsia 
Sulphate  of  Soda 
Water 

6 

,? 

from  +  50° 

0+4= 

46 

Nitrate  of  AiBDiODia                   1 
Water                                           1 

from  -H  50' 

0+4' 

46 

Carbonate  of  Soda                   1 
Water                                            1 

from  +  60° 

67 

Sulphate  of  Soda                        3 
Diluted  NitroUB  Acid*               2 

from +60° 

0  —  3° 

63 

Muriate  of  Ammonia 
Nitrate  of  Polassa 
Diluted  Nitrous  Acid 

from+B0° 

.-,.. 

eo 

Nitrate  of  Ammonia                5 
Diluted  Nitrous  Acid                 4 

from +  60= 

0  —  14° 

64 

Diluted  Nitrous  Acid 

^jfron.  +  50" 

0  —  12° 

62 

Nitrate  of  Ammonia                   6 
Didited  Nitrous  Acid               4 

from +  60° 

0  —  21° 

71 

Ifuriatic  Acid                          5 

froin+fiO' 

0        0° 

60 

4 

from  +  SO" 

0  +  3- 

47 

Tliejo  iilificial  pTOceasea  for  fceneniiing  eoM  »re  nueb  more  dfee- 
tual  vrnen  the  materials  are  prevtoualy  cooled  by  immersion  in  otho 
Afgorific  miiturea.  One  woiilJ  at  fint  suppose  that  an  unlimited 
dMtee  of  cold  may  be  thus  produced  ;  but  it  is  found  that  when  the 
■difference  between  the  mtsture  and  the  air  becomes  very  great,  cilo- 
lic  is  BO  rapidly  communicated  from  one  to  Ihe  olhet,  as  to  limit  tba 
reduction  IDA  eenalB  point.  The  pteatesi  cold  produced  by  Mr 
Walker,  did  notsxceed  100  degrBea  below  the  zero  of  Fahrenheit. 

Though  It  ii  unliliety  that  we  sball  ovei  Bueceed  in  depiiTioE  aaj 
fabatance  of  all  its  caloric,  it  is  presumed  that  bodies  do  contaiaacai- 
tain  definite  quantity  of  this  principle,  and  various  attempts  liaveliMB 
made  to  calculate  its  amount.  The  mode  of  conducting  buc)i  a  eil- 
culation  may  be  shown  by  the  process  of  Dr  Irvine.  That  ingeuioia 
chemist  proceeded  on  the  assumption,  that  tlio  actual  quantity  of  *!- 
lotic  in  bodies  is  proportioned  1o  Iheir  capacity,  and  (hat  the  capacity 

*  Composed  of  fumlug  nitrous  acid  two  parts  in  weight  and  one  U 
Wiles,  the  miKture  being  allowed  locool  before  being  uied. 
t  '^"'"f'^eilorequal  w«igbt*o(  ttttontuvl  ml  «Uer,  being  tOow 
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remaios  the  fame  at  all  temperaturet,  provided  no  change  of  form 
takes  place.  Thua,  as  the  capacity  of  ice  is  to  that  of  water  as  9  to 
10,  it  follows,  according  to  the  hypothesis,  that  water  at  32°  must 
lose  1-lOth  of  its  caloric  to  be  converted  into  ice*.  Now.  Dr  Black 
ascertained  that  this  tenth,  which  is  the  caloric  of  fluidity,  is  equal 
to  140  degrees ;  whence  it  was  inferred  that  water  at  82°  contains  10 
times  140  or  1400  degrees  of  caloric. 

To  be  satisfied  that  such  calculations  cannot  be  trusted,  it  is  suffi- 
cient to  know,  that  the  estimates  made  by  diifereot  chemists  respect- 
ing the  absolute  quantity  of  caloric  in  water  vary  from  900  to  nearly 
SMOf.  Besides,  even  did  the  estimates  agree -with  one  another,  the 
principle  of  the  calculation  would  still  be  unsatisfactory ;  for,  in  the 
first  place,  there  is  no  proof  that  the  quantity  of  heat  in  bodies  is  in 
the  ratio  of  their  capacities  ;  and,  secondly,  the  assumption  that  the 
capacity  of  a  body  for  caloric  is  the  same  at  all  temperatures,  so  long 
as  it  does  not  experience  a  change  of  form,  has  been  proved  to  be 
erroneous  by  the  experiments  of  Dulong  and  Petit. 

Vaporization. 

Aeriform  substances  are  commonly  divided  into  vapours  and  gases. 
The  character  of  the  former  is,  that  they  may  be  readily  converted 
into  liquids  or  solids,  either  by  a  moderate  increase  of  pressure,  the 
temperature  at  which  they  were  formed  remaining  the  same,  or  by  a 
moderate  diminution  of  that  temperature,  without  change  of  pressure. 
Gases,  on  the  contrary,  retain  their  elastic  state  more  obstinately ; 
tbey  are  always  gaseous  at  common  temperatures,  and,  with  one  or 
two  exceptions,  cannot  be  made  to  change  their  form,  unless  by  being 
subjected  to  much  greater  pressure  than  they  are  naturally  exposed  to. 
Several  of  them,  indeed,  have  hitherto  resisted  every  effort  to  com- 
press them  into  liquids.  The  only  difference  between  gases  and  va- 
pours is  in  the  relative  forces  with  which-  they  resist  condensation. 

Caloric  appears  to  be  the  cause  of  vaporization,  as  well  as  of  lique- 
faction, and  it  is  a  general  opinion  that  a  sufficiently  intense  heat  would 
convert  every  liquid  and  solid  into  vapour.  A  considerable  number 
of  bodies,  however,  resist  the  strongest  heat  of  our  furnaces  without 
vaporizing.  These  are  said  to  be  fixed  in  the  fire ;  those  which,  un- 
der the  same  circumstances,  are  converted  into  vapour,  are  called 
9olatUe, 

The  disposition  of  various  substances  to  yield  vapour  is  very  differ- 
ent *,  and  the  difference  depends  doubtless  on  the  relative  power  of  co- 
beston  with  which  they  are  endowed.  Fluids  are,  in  general,  more 
easily  vaporized  than  solids,  as  would  be  expected  from  the  weaker 
cohesion  of  the  former.  Some  solids,  such  as  arsenic  and  sal-ammo- 
niac, pass  at  once  into  vapour  without  being  liquefied ;  but  most  of 
them  become  liquid  before  assuming  the  elastic  condition. 

Vapours  occupy  more  space  than  the  substances  from  which  they 
were  produced.    According  to  the  experiments  of  Gay-Lussac,  water, 

*  A  slight  inaceuracy  existed  in  the  author's  text  in  this  place,  which 
I  have  taken  the  liberty  to  correct.  It  is  evident  that  10  is  not  1-lOth 
more  than  9.  Another  inaccuracy  relating  to  the  same  subject  was 
conected  in  the  account  of  Dr  Irvine's  views  (page  61)  where  in  the 
original  it  wae  stated  that  water  contained  ^  ten  timea  mote  ci\o\v& 
thim ice  of  th0  juuna tempenture"    B, 
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tt  itf  point  of  grettast  density,  in  pMsing  into  Tapoor,  expands  to 
1096  times  its  yolume,  alcohol  to  659  times,  and  etiier  to  44S  timei, 
each  vapoar  beins  at  a  temperature  of  212*  F.  and  under  a  piessm 
of  29*92  inches  of  mercury.  This  shoirs  that  vapours  differ  in  density. 
Watery  vapour  is  lighter  than  air  at  the  same  temperature  and  pressars, 
fai  the  proportion  of  1000  to  1604 ;  or  the  density  of  air  being  1000, 
that  of  watery  vapour  is  623.  The  vapour  of  alcohol,  on  the  contiaiy, 
is  half  as  heavy  again  as  air ;  and  that  of  ether  is  more  than  twice  aad 
t  half  as  heavy.  As  alcohol  boils  at  a  lower  temperature  than  water, 
and  ether  than  alcohol,  it  was  conceived  that  the  density  of  vapouis 
might  be  in  the  direct  ratio  of  the  volatility  of  the  liquids  which  pro- 
duced them.  But  Gay-Lussac  has  shown  that  this  law  does  not  noU 
Snerally ;.  for  the  carburet  of  sulphur  boils  at  a  higher  tempeiatnio 
in  ether,  and  nevertheless  it  yields  the  heavier  vapour. 

The  dihitation  of  vapours  by  heat  was  found  by  Gay-Lussae  to  Col-- 
low  the  same  law  as  gases,  that  is,  for  every  degree  of  Fahrenheit, 
they  increase  by  l-480th  of  the  volume  they  occupied  at  82*.  Bat 
die  law  does  not  hold  unless  the  quantity  of  vapour  continues  tlM 
same.  If  the  increase  of  temperature  cause  a  fresh  portion  of  vapoor 
to  rise,  then  the  expansion  will  be  greater  than  l-480th,  for  each  de- 
gree ;  because  the  heat  not  only  dilates  the  vapour  previously  ezistin| 
to  the  same  extent  as  if  it  were  a  real  gas,  but  augments  its  bulk  by 
adding  a  fresh  quantity  of  vapour.  The  contraction  of  a  vapour  on 
cooling  will  likewise  deviate  from  the  above  law,  whenever  the  cold 
converts  any  of  it  into  a  liquid — an  effect  which  must  happen,  if  the 
space  had  originally  contained  its  maximum  of  vapour.  Thus  aque- 
ous vapour  at  82^  supports  a  column  of  only  0-2  of  an  inch,  while  at 
212*  its  elasticity  is  equal  to  a  pressure  of  80  inches  of  mercury. 
Hence  the  elastic  force  or  expansion  of  watery  vapour  between  & 
and  212*,  supposing  the  space  to  be  in  a  state  of  saturation,  is  as  1  to 
ISO. 

Vaporization  is  conveniently  studied  under  two  heads, — JEbuttiHon 
and  Evaporation.  In  the  first,  the  production  of  vapour  is  so  rapid 
that  its  escape  gives  rise  to  a  visible  commotion  in  the  liquid :  in  the 
second,  it  passes  off  quietly  and  insensibly. 

Ebullition. 

The  temperature  at  which  vapour  rises  with  sufficient  freedom  for 
causing  the  phenomena  of  ebullition,  is  called  the  boiling  point 
The  heat  requisite  for  this  effect  varies  with  the  nature  of  the  fluid*  - 
Thus,  sulphuric  ether  boils  at  96°  F.  alcohol  at  173*,  and  pure  water 
at  212*;  while  oil  of  turpentine  must  be  raised  to  816°,  and  mercury 
to  680*  before  either  exhibits  marks  of  ebullition.  The  boiling  point 
of  the  same  liquid  is  constant,  so  long  as  the  necessary  conditions  are 
preserved;  but  it  is  liable  to  be  affected  by  several  circumstances.. 
The  nature  of  the  vessel  has  some  influence  upon  it.  Thus,  Gay- 
Lussac  observed  that  pure  water  boils  precisely  at  212*  in  a  metallic 
vessel,  and  at  214°  in  one  of  glass.    It  is  likewise  affected  by  the 

{»resence  of  foreign  particles.     The    same    accurate  experimenter 
bund,  fliat  when  a  few  iron  filings  are  thrown  into  water  boiling  In  a 
glass  vessel,  its  temperature  quickly  falls  from  214°  to  212*,  and  re- 
mains stationary  at  the  last  point.    But  the  circumstance  which  has 
the  greatest  influence  over  the  boiling  point  of  fluids  is  variation  of 
pieMture.    AW  bodies  upon  the  earth  are  constantly  exposed  to  con- 
Midenble  pressure ;  for  the  almoapheie  \Vae\l  v^«a«ea  ^Vtlh  a  force 
equivalent  to  a  freight  of  15  poundt  onk  e^ery  «(^i«\itf^^\  vosSasi^^ 
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liquids  are  -exposed  to  this  pressure  as  well  as  solids,  and  (heir  (en- 
lencjr  to  take  the  form  of  vapour  is  very  much  counlcracted  by  it. 
.u  fiict  they  cannot  enter  into  ebullition  at  all,  till  their  particles  have 
icquired  such  an  elastic  force  as  enables  them  to  overcome  (he  pres- 
nire  upon  their  surfaces  ;  that  is,  till  they  press  ap^ainst  the  atmos- 
ihere  with  the  same  force  as  the  atmosphere  against  them.  Now 
he  atmospheric  pressure  is  variable,  and  hence  it  follows  that  the 
boiling  point  of  liquids  must  also  vary. 

Tlie  only  time  at  which  the  pressure  of  the  atmoiiphcre  is  equal  to  a 
•veight  of  15  pounds  on  every  square  inch  of  surface,  is  when  the 
barometer  stands  at  30  inches,  and  then  only  does  water  boil  at  212' 
F.     If  the  pressure  be  less,  that  is,  if  the  barometer  full  liciow  80 
inches,  then  the  boiling  point  of  water,  and  every  other  liquid  will  be 
lower  than  usual ;  or  if  the  barometer  rises  above  30  inchc<(,  the  tem- 
perature of  ebullition  will  be  proportionally  increased.    This  is  (he 
reason  why  water  boils  at  a  lower  temperature  on  the  top  of  a  hill 
than  in  the  valley  beneath  it ;  for  as  the  column  of  air  diminishes  in 
length  as  we  ascend,  its  pressure  must  likewise  suffer  a  proportional 
diminution.    The  ratio  between  the  depression  of  the  boiling  point 
and  the  diminution  of  the  atmospherical  pressure  is  so  exact,  that  it 
has  been  proposed  as  a  method  for  dctermininK  the  heights  of  moun- 
tains*.   An  elevation  of  530  feet  makes  a  diminution  of  one  degree  of 
Fahrenheit. 

The  influence  of  the  atmosphere  over  the  point  of  ebullition  is  best 
shown  by  removing  its  pressure  altogether.  The  late  Professor 
Robinson  foimd  that  fluids  boil  in  vacuo  at  a  temperature  140  degrees 
lower  than  in  the  open  airf.  Thus  water  boils  in  vacuo  at  72°,  alcohol 
at  33°,  and  ether  at  — 44"  F.  This  proves  that  a  liquid  is  not  necessa- 
rily hot,  because  it  boils.  The  heat  of  the  hand  a  siiliicient  to  make 
water  boil  in  vacuo,  as  is  exemplifled  by  the  common  puUe-gIa9s ; 
and  ether,  under  the  same  circumstances,  will  enter  into  ebullition, 
though  its  temperature  is  low  enough  for  freezing  mercury. 

Water  cannot  be  heated  under  common  circumstances  beyond  212', 
because  it  then  acquires  such  an  expansive  force  as  enables  it  to 
overcome  the  atmospheric  pressure,  and  fly  offin  the  form  of  vapour. 
But  if  subjected  to  sufficient  pressure,  it  may  be  heated  to  any  extent 
without  boiling.  Tliis  is  best  done  by  heating  water  while  confined 
in  a  strong  copper  vessel,  called  Papin's  Digester.  In  this  apparatus, 
on  the  application  of  heat,  a  large  quantity  of  vapour  collects  above 
the  water,  which  checks  the  ebullition  by  the  pressure  it  exerts  upon 
the  surface  of  the  liquid.  There  is  no  limit  to  which  water  may  be 
heated  in  this  way,  provided  the  vessel  is  strong  enough  to  contine 
the  vapour;  but  the  expansive  force  of  steam  under  these  circum- 
stances is  so  enormous  as  to  overcome  the  greatest  resistance. 

In  estimating  the  power  of  steam,  it  should  be  remembered  that  va- 
pour, if  separated  from  the  liquid  which  produced  it,  does  not  possess 
a  greater  elasticity  than  an  equal  quantity  of  air.  If,  for  example,  the 
digester  was  full  of  steam  at  212°,  no  water  in  the  liquid  state  being 
present,  it  may  be  heated  to  any  degree,  even  to  redness,  wiiiiout 
danger  of  bursting.  But  if  water  be  present,  then  each  addition  of 
caloric  causes  a  fresh  portion  of  steam  to  rise,  whirh  adds  its  own 
elastic  force  to  that  of  the  vapour  previously  existing ;  and  in  conse- 


•  Wollaston  in  Phil.  Trans.  1817. 
f  Black's  Lectures,  p.  151. 
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quence  an  exeessive  preisure  is  soon  exerted  agtinst  the  inside  of  tiie 
▼esse!.  Professor  Robison  (Brewster's  edition  of  his  works,  p.  25] 
found  that  the  tension  of  steam  is  equal  to  two  atmospheres  at  24^ 
F.  and  to  three  at  270*"  F.  The  results  of  Mr  Southern's  experiments, 
giyen  in  the  same  volume,  fix  upon  250-3*'  F.  as  the  temperature  at 
which  steam  has  the  force  of  two  atmospheres,  on  298*4**  F.  for  fbor, 
and  848*6°  F.  for  eight  atmospheres. 

The  elasticity  of  steam  is  employed  as  a  moving  power  in  the  steamr 
engine.  The  construction  of  tnis  machine  depends  on  two  propertiss 
of  steam,  namely,  the  expansive  force  communicated  to  it  by  caloiie, 
and  its  ready  conversion  into  water  by  cold.  The  effect  of  both  these 
properties  is  well  shown  by  a  little  instrument  devised  by  Dr  Wollas- 
ton.  It  consists  of  a  cylindrical  glass  tube,  six  inches  long,  nearly  in 
inch  wide,  and  blown  out  into  a  spherical  enlargement  at  one  end.  A 
piston  is  accurately  fitted  to  the  cylinder,  so  as  to  move  up  and  down 
the  tube  with  freedom.  When  the  piston  is  at  the  bottom  of  the  toba, 
it  is  forced  up  by  causinr  a  portion  of  water,  previously  placed  in  tba 
ball,  to  boil  by  means  of  a  spirit-lamp.  On  dipping  the  ball  into  eoU 
water,  the  steam  which  occupies  the  cylinder  is  suddenly  condensed, 
and  the  piston  forced  down  by  the  pressure  of  the  air  above  it  By 
the  alternate  application  of  beat  and  cold,  the  same  movements  art  re- 
produced, and  may  be  repeated  for  any  length  of  time. 

The  moving  power  of  the  steam  engine  is  the  same  as  In  thito  appa* 
ratus.  The  only  essential  difference  between  them  is  in  the  mode  of 
condensing  the  steam.  In  the  steam-engine,  the  steam  is  condensed 
in  a  separate  vessel  called  the  condenser ,  where  there  is  a  regular  sup- 
ply of  cold  water  for  the  purpose.  By  this  contrivance,  which  consti- 
tutes the  great  improvement  of  Watt,  the  temperature  of  the  cyUndtt 
never  falls  below  212°. 

The  formation  of  vapour  is  attended,  like  liquefVictioii,  with  a  loss  of 
sensible  caloric.  This  is  proved  by  the  wellrknown  fact  that  the  tem- 
perature of  steam  is  precisely  the  same  as  that  of  boiling  water 
from  which  it  rises ;  so  that  all  the  caloric  which  enters  into  the  Kqofai 
is  solely  employed  in  converting  a  portion  of  it  into  vapour,  without  a^ 
iectin^  the  temperature  of  either  in  the  slightest  degree,  provided  the 
latter  is  permitted  to  escape  with  freedom.  The  caloric  which  then 
l>ecomes  latent,  to  use  the  language  of  Dr  Black,  is  again  set  free  when 
the  vapour  is  condensed  into  water.  The  exact  quantity  of  caloiic 
rendered  insensible  by  vaporization,  may  therefore  be  ascertained  Iqr 
condensing  the  vapour  in  cold  water,  and  observing  the  rise  of  tem- 
perature occasioned  by  it.  From  the  experiments  of  Dr  Black  and 
Mr  Watt,  conducted  on  this  principle,  it  appears  that  steam  of  21.2*,  in 
being  condensed  into  water  of  212°,  gives  out  as  much  caloric  as  would 
raise  the  temperature  of  an  equal  weight  of  water  by  950  deg^es,  all 
of  which  had  previously  existed  in  the  vapour  without  being  sensible 
to  a  thermometer. 

The  latent  beat  of  steam  and  several  other  vapours  has  been  exaiB'* 
ined  by  Dr  Ure*,  whose  results  are  contained  in  the  following  table. 

IxAent  HeaU 
Vapour  of  Water  at  its  boiling  point  .  WV* 

Alcohol  .  •  442 

Ether  .  .  802.379 

Petroleum  .  .  177.87 


*  Philoi.  Tc%nB.  1^1%. 
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LaieniHeai. 
Vapour  of  on  of  turpentine  177^7 

Nitric  acid  .  .  681.99 

Liquid  ammonia  •  .  887^ 

Vinegar  •  875 

The  disappearance  of  caloric  tliat  accompanies  yaporization  was  ez- 
plsdned  by  Dr  Black  and  Dr  Irvine,  in  tlie  way  already  mentioned  un- 
der the  head  of  liquefaction ;  and  as  the  objections  to  the  views  of  the 
Inttor  Ingenious  chemist  were  tben  stated,  it  is  unnecessary  to  mention 
flMm  on  the  present  occasion. 

Evaporation. 

evaporation  as  well  as  ebullition  consists  in  the  formation  of  vapour, 
nnd  the  only  assignable  difference  between  them  is,  that  the  one  takes 
phiee  quietly,  the  other  with  the  appearance  of  boiling.  Evaporation 
takes  place  at  common  temperatures,  as  may  be  proved  by  exposing 
water  in  a  shallow  vessel  to  the  air  for  a  few  days,  wben  it  will  gradually 
dimlnidi,  and  at  last  disappear  entirely.  Most  fluids,  if  not  all  of  them, 
are  susceptible  of  this  gradual  dissipation ;  and  it  may  also  be  observed 
hi  some  soUds,  as  for  example  in  camphor.  Evaporation  is  much  more 
rapid  in  some  fluids  than  in  others,  and  it  is  always  found  that  those 
liquids,  whose  boiling  point  is  lowest,  evaporate  with  the  greatest  ra- 
pidity. Thus  alcohol,  which  boils  at  a  lower  temperature  than  water, 
evaporates  iJso  more  freely  ;  and  ether,  whose  point  of  ebullition  is  yet 
lower  than  that  of  alcohol,  evaporates  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evaporation 
are  extent  of  surface,  and  the  state  of  the  air  as  to  temperature,  dry- 
ness, stiUness,  and  density. 

1.  Extent  of  surface.  Evaporation  proceeds  only  from  the  surface 
of  fluids,  and  therefore,  asteris  paribiu,  must  depend  upon  the  extent 
of  surface  exposed. 

2.  Temperature.  The  effect  of  heat  in  promoting  evaporation  may 
easily  be  shown  by  putting  an  equal  quantity  of  water  into  two  saucers, 
one  of  which  is  placed  in  a  warm,  the  other  in  a  cold  situation.  The 
former  will  be  quite  dry  before  the  latter  has  suffered  an  appreciable 
diminution. 

8.  State  of  the  air  as  to  dryness  or  moisture.  When  water  is  co- 
vered by  a  stratum  of  dry  air,  the  evaporation  is  rapid  even  when  its 
temperature  is  low.  Thus  in  some  dry  cold  days  in  winter,  the  eva- 
poration is  exceedingly  rapid ;  whereas  it,'  goes  on  very  tardily,  if 
the  atmosphere  contains  much  vapour,  even  though  the  air  be  very 
warm. 

4.  Evaporation  is  &r  slower  in  still  air  than  in  a  current,  and  for  an 
obvious  reason.  The  air  immediately  in  contact  with  the  water  soon 
becomes  moist,  and  thus  a  check  is  put  to  evaporation.  But  if  the 
air  is  removed  from  the  surface  of  the  water  as  soon  as  it  has  become 
charged  with  vapour,  and  its  place  supplied  with  fresh  dry  air,  then 
the  evaporation  continues  without  interruption. 

5.  Pressure  over  the  surface  of  liquids  has  a  remarkable  influence 
over  evaporation.  This  is  easily  proved  by  placing  ether  in  the  va- 
cuum of  an  air  pump,  when  vapour  rises  so  abundantly  as  to  produce 
ebullition. 

As  a  large  quantity  of  caloric  passes  from  a  sensible  to  an  insensible 
state  during  the  formation  of  vapour,  it  follows  that  cold  should  * 
generated  by  evaporation.    A  very  simple  experiment  w\\\  v^o^* 
Ifs  few  drops  of  ether  be  allowed  to  fail  upon  the  hand,  a  altoiif^ 
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sation  of  cold  will  be  excited  during  the  evaporation ;  or  if  the  Iralb 
of  a  thermometer,  covered  with  lint,  be  moistened  with  ether,  tha  prtf- 
duction  of  cold  will  be  marlced  by  the  descent  of  the  mercury.  But 
to  appreciate  the  degree  of  cold  whicli  may  be  produced  by  evapora- 
tion, it  is  necessary  to  render  it  very  rapid  and  abundant  by  artificial 
processes  ;  and  the  best  means  of  doing  so,  is  by  removing  preware 
from  the  surface  of  volatile  liquids.  Water  placed  under  the  exbansted 
receiver  of  an  air-pump,  evaporates  with  great  rapidity,  and  so  much 
cold  is  generated  as  would  freeze  the  water,  did  the  vapour  eontfaiM 
to  rise  for  some  time  with  the  8ame  velocity.  But  the  rapoor  llidf 
soon  fills  the  vacuum,  and  retards  the  evaporation  by  pressing  upon  * 
the  surface  of  the  water.  This  difficulty  may  be  avoided  by  potting 
under  the  receiver  a  substance,  such  as  sulphuric  acid,  which  has  the 
property  of  absorbing  watery  vapour,  and  consequently  of  remoTfliff  it 
as  quickly  as  it  is  formed.  Such  is  the  principle  of  Mr  Leslie's  metm 
for  freezing  water  by  its  own  evaporation*. 

The  action  of  the   cryophorus,   an  ingenious  contrivance  of  ft    I 
Wollaston,  depends  on  the  same  principle.     It  consists  of  tiro  fflMi 
balls,  perfectly  free  from  air,  and  joined  together  by  a  tube  it  Mrt 
represented. 


One  of  the  balls  contains  a  portion  of  distilled  water,  white  Iki 
other  parts  of  the  instrument,  which  appear  empty,  are  full  offlU|iiS0iii 
vapour,  which  checks  the  evaporation  from  the  water  by  the  pnsiua 
it  exerts  upon  its  surface.  But  when  the  empty  ball  is  plunged  ioto I 
freezing  mixture, all  the  vapour  within  it  is  condensed;  evapoiatfaM 
commences  from  the  surface  of  the  waiter  in  the  other  Mly  end  it  if 
frozen  in  two  or  three  mieutes  by  the  cold  thus  produced. 

Liquids  which  evaporate  more  rapidly  than  water,  cause  i  ftiH 
greater  redaction  of  temperature.  The  cold  produced  by  the  evapsn* 
tion  of  ether  in  the  vacuum  of  the  air-pump,  is  so  intense  as  wider 
favourable  circumstances  to  freeze  mercury f. 

Scientific  men  have  differed  concerning  the  cause  of  evaporaibil* 
It  was  once  supposed  to  be  owing  to  a  chemical  attraction  Twtiyees 
the  air  and  water,  and  the  idea  is  at  first  view  plausible,  since  a  es^ 
tain  degree  of  affinity  does  to  all  appearance  exist  between  tbesk  M 
it  is  nevertheless  impossible  to  attribute  the  effect  to  this  cause.  Fei 
evaporation  takes  place  equally  in  vacuo  as  in  the  air ;  nay, it  isanei- 
tablished  fact,  that  the  atmosphere  positively  retards  the  proeess»  vd 
that  one  of  the  best  means  of  accelerating  it,  is  by  removing  the  9t 
altogether.  The  experiments  of  Mr  Dalton  prove  that  calorie  is  A* 
true  and  only  cause  of  the  formation  of  vapour.  He  finds  that  Al 
actual  quantity  of  vapour  which  can  exist  in  any  given  space,  is  depea> 
dent  solely  upon  the  temperature.  If,  for  instance,  a  little  water  be 
put  into  a  dry  glass  flask,  a  quantity  of  vapour  will  be  formed  ptofnt^ 
tional  to  the  temperature.    If  a  thermometer  placed  in  it  stands  at  f 


*  See  art.  Cold  in  the  Supplement  lo  Vhe  Encyclopedia  Britanold' 
f  See  a  paper  by  the  late  Dr  Maxcet/m  '^\&\io^Bot?%  ^^^nM^^toL 
xxxiv. 
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F.  the  flask  will  contain  a  very  small  quantity  ol*  Tapour.  At  40^, 
more  vapour  will  exist  io  it ;  at  60°  it  will  contain  atill  more  ;  and  at 
60**,  the  quantity  will  be  still  further  augmented.  If,  when  the  ther- 
mometer is  at  60°,  the  temperature  of  the  flask  is  suddenly  reduced  to 
40%  then  a  certain  portion  of  vapour  will  be  converted  into  water ;  the 
quantity  which  retains  the  elastic  form  being  precisely  the  same  as 
when  the  temperature  was  originally  at  40°. 

It  matters  not  with  regard  to  these  changes,  whether  the  flask  is  full 
of  air,  or  altogether  empty ;  for  in  either  case,  it  will  eventually  con- 
tain tiie^  same  quantity  of  vapour,  when  the  thermometer  is  at  the 
name  height.    The  only  effect  of  a  difference  in  this  respect,  is  in  the 
rapidity  of  evaporation.    The  flask,  if  previously  empty,  acquires  its 
lull  complement  of  vapour,  or,  in  common  language,  becomes  saturat- 
ed with  it,  in  an  instant ;  whereas  the  presence  of  air  affords  a  mechani* 
cat  impediment  to  its  passage  from  one  part  of  the  flask  to  another, 
and  therefore  an  appreciable  time  elapses  before  the  whole  space  is 
saturated. 

Bir  Dalton  found  that  the  tension  or  elasticity  of  vapour  is  always 
the  same,  however  much  the  pressure  may  vary,  so  long  as  the  tem- 
perature remains  constant,  and  liquid  enough  is  present  for  preserving 
the  state  of  saturation  proper  to  the  temperature.  If,  for  example,  in 
a  vessel  containing  a  liquid,  the  space  occupied  by  its  vapour  should 
suddenly  dilate,  the  vapour  it  contains  will  dilate  also,  and  conse- 
quently suffer  a  diminution  of  elastic  force;  but  its  tension  will  be 
quickly  restored,  because  the  liquid  yields  an  additional  quantity  of  va- 
pour, proportional  to  the  increase  of  space.  Again,  if  the  space  be 
diminished,  the  temperature  remaining  constant,  the  tension  of  the 
confined  vapour  will  still  continue  unchanged ;  because  a  quantity  of 
it  will  be  condensed  proportional  to  the  diminution  of  space,  so  that, 
in  fact,  the  remaining  space  contains  the  very  same  quantity  of  vapour 
as  it  did  originally.  The  same  law  holds  good  whether  the  vapour  is 
pure  or  mixed  with  air  or  any  other  gas. 

The  elasticity  of  watery  vapour  at  temperatures  below  212-  F.  was 
carefully  examined  by  Mr  Dalton ;  (Manchester  Memoirs,  vol.  v.)  and 
his  results,  together  with  those  since  obtained  by  Dr  Ure*,  are  pre- 
sented in  a  tabular  form  at  the  end  of  the  volume.  They  were  ob- 
tained by  introducing  a  portion  of  water  into  the  vacuum  of  a  common 
barometer,  and  estimating  the  tension  of  its  vapour  by  the  extent  to 
which  it  depressed  the  column  of  mercury  at  different  temperatures. 
But  Mr  Dalton  did  not  confine  his  researches  to  water ;  he  extended 
them  to  the  vapour  of  various  liquids,  such  as  ether,  alcohol,  ammo- 
nia, and  solution  of  muriate  of  lime,  and  inferred  from  them  the  follow- 
ing law: — That  the  force  of  vapour  from  all  liquids  is  the  same,  at 
equal  distances  above  or  below  the  several  temperatures  at  which  they 
l)oil  in  the  open  air.  Thus  steam  at  200^  F.  has  the  same  elasticity 
as  the  vapour  of  ether  at  85°,  the  boiling  point  of  the  former  being 
212°,  and  of  the  latter  97°.  Biot  and  Amed^  Berthollet  (Biot,  Traite 
de  Ph.i.  282,)  have  found  that  this  law  applies  exactly  to  many  other 
liquids ;  but  some  experiments  by  Dr  Ure  on  the  oil  of  turpentine  and 
petroleum,  would  lead  to  the  conclusion  that  it  is  not  universal. 

It  is  easy,  on  this  principle,  to  account  for  the  elastic  force  of  the 
vapours  of  liquids,  whose  boiling  point  is  very  high,  being  inappreci- 
able at  moderate  temperatures.    Thus  sulphuric  acid  boils  at  620°  F. 
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and  therefore  at  212^,  that  is  408  degrees  belovr  its  point  of  ebulfitiodi 
the  elasticity  of  its  vapour  should  be  equal  to  that  of  aqueous  yapour 
at  —  196°,  or  408  dc^i^rees  below  the  boiling  point  of  water.  In  lilte 
manner  mercury,  which  boils  at  680^  yields  vapour  whose  elastic 
force  at  212°  may  be  estimated  as  equal  to  that  of  watery  vapour  at 
•—  256°,  or  468  degrees  below  the  point  at  which  water  enters  into 
ebullition.  According  to  the  same  law,  mercury  requires  a  tempeit' 
ture  of  600°,  or  ISO  degrees  below  its  boiling  point,  in  order  that  iti 
vapour  should  have  the  same  tension  as  watery  vapour  at  32°.  From 
these  considerations  it  is  interred,  that,  though  in  a  common  6arometv 
the  space  above  the  column  may  contain  a  little  mercurial  vapour,  and 
consequently  may  not  be  an  absolute  vacuum,  the  influence  of  thit 
vapour  in  depressing  the  column,  even  at  considerable  temperatures,  is 
altogether  inappreciable. 

It  admits  of  inquiry  whether  liquids  of  weak  volatility,  such  as  mar* 
cury  and  oil  of  vitriol,  give  off  any  vapour  at  common  temperatures. 
An  opinion  has  prevailed,  that  evaporation  not  only  talces  place  from 
the  surface  of  these  and  similar  liquids  at  all  times,  but  that  vapour  of 
exceedingly  weak  tetision  is  emitted  at  common  temperatures  from 
all  substances  however  fixed  in  the  fire,  even  from  the  earths  and 
metals,  when  they  are  either  placed  in  a  vacuum,  or  surrounded  by 
gaseous  matter.  It  has  accordingly  been  supposed,  that  the  atmos- 
phere contains  diffused  through  it  minute  quantities  of  the  vapours  (tf 
all  the  bodies  with  which  it  is  in  contact;  and  this  idea  has  been 
made  the  basis  of  a  theory  of  the  origin  of  meteorites.  But  this 
doctrine  has  been  successfully  combated  by  Mr  Faraday  in  his  essay 
On  the  Existence  of  a  Limit  to  Vaporization,  published  in  the  I%i- 
losophical  Transactions  for  1826.  The  argument  employed  by  Kr 
Faraday  is  founded  on  tlie  principle,  by  which  Dr  WollastoD  has  ac- 
counted for  the  limited  extent  of  the  atmosphere.  Since  the  volume 
of  gaseous  substances  is  dependent  on  the  pressure  to  which  they  ate 
subject,  the  air  in  the  higher  regions  of  the  atmosphere  must  be  much 
more  rare  than  that  in  the  lower,  because  the  former  sustains  the  pres- 
sure of  a  shorter  atmosplieric  colunm  than  the  latter ;  so  that  in  as- 
cending upwards  from  the  earth,  each  successive  stratum  of  air,  being 
less  compressed  than  the  foregoing,  is  likewise  more  attenuated. 
Now  it  is  found  experimentally  that  the  elasticity  or  tension  of  any 
gaseous  matter  diminishes  in  the  same  ratio  as  its  volume  increases; 
and,  accordingly,  whenever  the  tenuity  of  a  portion  of  air,  owin^  to 
its  distance  trom  the  earth's  surface  or  any  other  cause,  is  exceedindy 
great,  its  tension  is  exceedingly  small.  Reasoning  on  this  prind]^ 
Dr  Wollaston  conceives  that  at  a  certain  altitude,  probably  at  a  dis- 
tance of  40  or  60  miles  from  the  surface  of  the  earth,  the  rarebctioo 
and  consequent  loss  of  elastic  force  is  so  extreme,  that  the  mere  gravity 
of  the  particles  becomes  equal  to  their  elasticity,  and  thus  puts  a  limit 
to  their  separation. 

What  Dr  Wollaston  suggests  of  aerial  particles,  Mr  Faraday  sup- 
poses to  occur  in  all  substances;  and  this  supposition  is  perfectly 
legitimate,  because  gaseous  matter  in  general  is  ^ubjVct  to  the  same  law 
of  expansion,  and  is  likewise  under  the  influence  of  gravity.  He  in- 
fers that  every  kind  of  matter  ceases  to  assume  the  elastic  form  when- 
ever the  gravitation  of  its  particles  is  stronger  than  the  elasticity  of  its 
vapour.  The  loss  of  tension  necessary  for  effecting  this  object  may 
be  accomplished  in  two  ways,  either  by  extreme  dilatation,  or  by  cold. 
For  substances  of  great  volatility,  such  as  air  and  most  gases,  the 
former  is  necessaiy ;  t)6cauBe  the  debtee  ol  co\^  vAvvcXx.  vi^  ^vi  com- 
oiand  at  the  earth^s  surface  dimUAahes  l\ie\i  veti«\oTi\\i^  ^^^«%  ^^» 
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DBufficient  for  the  purpose.  But  the  yolatility  of  innumerable  bodies 
a  so  small,  that  their  vapour  at  common  temperatures  approximates 
o  rarity  to  the  air  at  the  limits  of  the  atmosphere,  and  a  small  degree 
if  cold  may  suffice  for  rendering  its  elasticity  a  force  inferior  to  its  op- 
lODent,  gravity.  In  that  case,  the  vapour  would  be  entirely  ronden- 
ed.  Mr  Faraday  found  that  mercury,  at  a  temperature  varying;  from 
10^  to  SO''  yields  a  small  quantity  of  vapour,  but  in  winter  no  trace  of 
^apour  could  be  detected.  Hence  it  is  inferred,  that  at  the  former 
emperature  the  elasticity  of  mercurial  vapour  is  slightly  superior  to  the 
pravity  of  its  particles,  and  that  in  cold  weather  the  latter  power  pre- 
londerates,  and  puts  an  entire  check  to  the  evaporation  of  mercury. 
rhe  earths  and  metals,  which  arc  more  fixed. than  mercury,  have  va- 
lours of  such  feeble  tension,  that  the  highest  natural  temperature  is 
inable  to  convert  them  into  vapour.  Another  force  which  co-operates 
nrith  i^ravlty  in  overcoming  elasticity  is  the  attraction  of  aggregation, 
3r  the  attraction  exerted  by  a  solid  or  liquid  to  the  contiguous  particles 
of  tlie  same  substance  in  the  gaseous  form.  This  argument  affords 
irery  sufficient  grounds  for  believing  that  the  vapours  of  earthy  and 
metallic  substances  are  never  present  in  the  atmosphere. 

The  presence  of  vapour  has  a  considerable  influence  over  the  bulk 
of  gases ;  and  as  chemists  often  find  it  convenient  to  determine  the 
quantity  of  gaseous  substances  by  measure,  it  is  important  to  estimate 
(be  effect  thus  produced,  in  order  to  make  allowance  for  it.  The 
mode  by  which  a  vapour  acts  is  obvious.  If  a  few  drops  of  water  are 
added  to  a  portion  of  dry  air,  confined  in  a  glass  tube  over  mercury, 
the  air  will  speedily  become  saturated  with  vapour,  and  must  in  con- 
sequence be  increased  in  bulk.  For  the  elastic  power  of  the  vapour 
being  added  to  that  previously  exerted  by  the  gas  alone,  the  mixture 
will  necessarily  exert  a  stronger  pressure  upon  the  mercury  that  con- 
fines it,  and  will  therefore  occupy  a  greater  space.  It  is  equally  clear 
that  the  degree  of  augmentation  will  depend  on  the  temperature;  for 
it  is  the  temperature  alone  which  determines  the  tension  of  the  va- 
pour. 

As  the  elastity  of  vapour  is  not  at  all  affected  by  mere  admixture 
with  gases,  it  is  easy  to  correct  the  fallacy  to  which  its  presence  gives 
rise  by  means  of  the  data  furnished  by  the  experiments  of  Dalton. 
The  formula  for  the  correction  is  thus  deduced*.  Let  n  be  the  bulk 
of  dry  air  or  other  gas  expressed  in  the  degrees  of  a  graduated  tube; 
p  the  tension  of  the  dry  air,  equal  to  the  atmospheric  pressure ;  n'  the 
bulk  of  the  air  when  saturated  with  watery  vapour,  and/ the  tension 
of  that  vapour. 

It  is  a  well-known  law  in  pneumatics  that  the  elasticity  of  a  gas  is 
inversely  as  its  volume ;  so  that,  when  the  dry  air  increases  in  bulk 
(rom.n  to  n',  its  elasticity  diminishes  in  the  ratio  of  n'  to  n.     Hence 

its  elasticity  ceases  to  be  =:  p,  but  is  expressed  by  ?IL  ;  p  is  now 

^  -^  +/;  that  is,  the  elasticity  of  the  dilated  air,  added  to  the  elas- 
ticity of  the  vapour  present,  is  equal  to  the  pressure  of  the  atmosphere. 
From  this  last  equation  are  deduced  the  following  values:  pn  -\-Jh' 

vspn' ;   pn  =s  pn'^-fn' ;   and  n  =  — IJ—ZJ., 
One  example  will  suffice  for  showing  the  simplicity  of  this  formula. 


•  Biot,  Tndti  de  Ph.  vol.  i.  p.  308.  "^ 
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Having  100  measures  of  air  saturated  with  watery  vapour  at  00"  F.  the 
barometer  standing  at  80  inches,  bow  many  measures  would  the  air 
occupy  if  quite  dry  ?  n'  =  100 ;  />  =  30 ;  /=s0.534,  the  tension  of 
watery  vapour  at  60%  according  to  Mr  Dalton's  table.  Hence  n  a 
100x(30— 0  624)  100x29.476  ^^  „^  , .  ^  .  ^ 
— ^^^ -= ^ =  98.26  which  is  the  answer  re- 
quired. 

The  presence  of  watery  vapour  in  the  atmosphere  is  owhiy  to 
evaporation.  All  the  accumulations  of  water  upon  the  surface  QiTthe 
earth  are  subjected  by  its  means  to  a  natural  distillation ;  the  im- 
purities with  which  they  arc  impregnated  remain  behind,  while  the 
pure  vapour  ascends  into  (he  air,  gives  rise  to  a  multitude  of  mete- 
orological phenomena,  and  after  a  time  descends  again  upon  the  earth. 
As  evaporation  goes  on  to  a  certain  extent  even  at  low  temperatureit 
it  is  probable  that  the  atmosphere  is  never  absolutely  free  from  va- 
pour. 

The  quantity  of  vapour  present  in  the  atmosphere  is  Tery  variable, 
in  consequence  of  the  continual  change  of  temperature  to  which  (be 
air  is  subject.  But  even  when  the  temperature  is  the  same,  the 
quantitv  of  vapour  is  still  found  to  vary ;  for  the  air  is  not  always  In  t 
state  of  saturation.  At  one  time  it  is  excessively  dry,  at  another  It  is 
fully  saturated  ;  and  at  other  times  it  varies  between  these  extremei. 
This  variable  condition  of  the  atmosphere  as  to  saturation  is  ascertafai- 
ed  by  the  hygrometer. 

A  great  many  hygrometers  have  been  invented ;  but  they  may  all 
be  referred  to  three  principles.  The  construction  of  the  first  kind  of 
hygrometer  is  founded  on  the  property  possessed  by  some  substasnee 
01  expanding  in  a  humid  atmosphere,  owing  to  a  deposition  of  moli- 
ture  within  them ;  and  of  parting  with  it  again  to  a  dry  air,  and  hi 
consequence  contracting.  Almost  all  bodies  have  the  power  of  at- 
tracting moisture  from  the  air,  though  in  different  proportions.  A 
piece  of  glass  or  metal  weighs  sensibly  less  when  carefully  dried,  dmi 
after  exposure  to  a  moist  atmosphere ;  though  neither  of  them  is  diht- 
ed,  because  the  water  cannot  penetrate  into  their  interior.  DilatatioB 
from  the  absorption  of  moisture  appears  to  depend  on  a  depositloQ  of  It 
within  the  texture  of  a  body,  the  particles  of  which  are  moderately 
soft  and  yielding.  The  hygrometric  property  therefore  belongs  chie^y 
to  organic  substances,  such  as  wood,  the  beard  of  com,  whalebone, 
hair,  and  animal  membranes.  Of  these,  none  is  better  than  the  hu- 
man hair,  which  not  only  elongates  freely  from  Imbibing  molstore, 
but,  by  reason  of  its  elasticity,  recovers  its  original  length  on  drying. 
The  hygrometer  of  Saussure  is  made  with  this  material. 

The  second  kind  of  hygrometer  points  out  the  opposite  states  of  diy- 
ness  and  moisture  by  the  rapidity  of  evaporation.  Water  does  not 
evaporate  at  all  when  the  atmosphere  is  completely  saturatjed  wllh 
moisture ;  and  the  freedom  with  which  it  goes  on  at  other  times,  is  hi 
proportion  to  the  dryness  of  the  air.  The  hygrometric  conditioii  ef 
the  air  maybe  determined,  therefore,  by  observing  the  rapidity  of  efa- 
poration.  The  most  convenient  method  of  doing  this,  is  l)y  coverlitf 
the  bulb  of  a  thermometer  with  a  piece  of  silk  or  linen,  moistening  n 
with  water,  and  exposing  it  to  the  air.  The  descent  of  the  mercniyi 
or  the  cold  produced,  will  correspond  to  the  quantity  of  vapour  formed 
in  a  given  time.    Mr  Leslie's  hygrometer  is  of  this  kind. 

The  third  kind  of  hygrometer  is  on  a  principle  entirely  diflbrent  fiom 

the  foregoing.    When  the  air  is  saturated  with  vapour,  and  any  colder 

body  h  Drought  into  contact  wl\h  it^  e^  da^MV^iou  <A.  isAVaVasa  tmme* 
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r  takes  place  on  iU  surface.    This  is  often  seen  when  a  glass  of 
firing  water  is  carried  into  a  warm  room  in  summer ;  and  the  phe- 
ion  is  witnessed  during  the  formation  of  dew,  the  moisture  ap- 
g  on  those  substances  only  which  are  colder  than  the  air.    The 
i  indicated  by  the  thermometer  when  dew  begins  to  be  deposit- 
called  the  dew-point.    If  the  saturation  is  complete,  the  least 
ition  of  temperature  is  attended  with  the  formation  of  dew ;  but 
sir  is  dry,  a  body  must  be  several  degrees  colder  before  moisture 
osited  on  its  surface  ;  and  indeed  the  dryer  the  atmosphere,  the 
r  will  be  the  difference  between  its  temperature  and  the  dew- 
Attempts  were  jnade  to  estimate  the  hygrometric  state  of  the 
this  principle  by  the  Florentine  Academicians,  but  the  first  ac- 
nietbod  was  introduced  by  M.  le  Roi,  and  since  adopted  by  Mr 
1.     It  consists  simply  in  putting  cold  water  into  a  glass  vessel, 
itside  of  which  is  carefully  dried,  and  marking  the  temperature  of 
|uid  at  which  dew  begins  to  be  deposited  on  the  glass.    The  wa- 
aen  necessary  is  cooled  either  by  means  of  ice  or  a  freezing  miz- 
This  method,  when  carefully  performed,  is  susceptible  of  great 
lion. 

)  hygrometer  of  Mr  Daniell,  described  in  his  Meteorological 
8,  acts  on  the  same  principle.  It  consists  of  a  cryophorus,  as 
bed  at  page  60,  but  modified  somewhat  in  form,  and  containing 
instead  of  water.  Within  one  of  its  balls  is  fixed  a  delicate  ther- 
iter,  the  bulb  of  which  is  partially  immersed  in  the  ether  so  as  to 
.te  its  temperature,  and  the  other  ball  is  covered  with  muslin. 
I  the  instrument  is  used,  the  muslin  is  moistened  with  ether,  and 
>ld  produced  by  its  evaporation  condenses  the  vapour  within  the 
borus,  and  causes  the  ether  to  evaporate  rapidly  in  the  other 
The  cold  thus  generated  chills  the  ether  itself  and  the  ball  con- 
g  it ;  and  in  a  short  time  its  temperature  descends  so  low,  that 
IS  deposited  on  the  surface  of  the  glass.  As  soon  as  this  takes 
,  the  temperature  is  observed  by  the  thermometer, 
e  same  object  is  attained  in  a  still  easier  way  by  means  of  a  con- 
ice  described  by  Mr  Jones  of  London  in  the  Philos.  Trans,  for 
and  soon  after  in  the  Edin.  Philos,  Journal,  No.  xvii.  p.  156,  by 
ildstream  of  Leith.  It  consists  of  a  delicate  mercurial  therrao- 
,  with  its  bulb  made  of  thin  black  glass,  about  three-fourths  of 
I  are  covered  with  muslin.  On  moistening  the  muslin  with  ether 
mperature  of  the  bulb  and  mercury  falls,  and  the  uncovered  por- 
f  the  bulb  is  soon  rendered  dim  by  the  deposition  of  moisture, 
emperature  indicated  at  that  instant  by  the  thermometer  is  the 
loint.  It  appears  from  some  remarks  of  Mr  Daniell  in  the  Quar- 
Joumal  of  Science,  that  this  hvgrometer  was  originally  invented 
rmany,  so  that  Mr  Jones  and  Dr  Coldstream  are  second  inven- 
Mr  Daniell  considers  the  instrument  inaccurate,  believing  that, 
I  ether  is  applied  to  a  part  only  of  the  bulb,  the  mercury  within 
e  cooled  unequally  ;  that  the  portion  corresponding  to  the  cover- 
rt  of  the  bulb  will  be  colder  than  the  mercury  opposite  to  the  ex- 
part,  and  consequently  the  dew-point  will  appear  lower  than  it 
to  be.  This  objection  certainly  applies  when  the  muslin  is  ren- 
very  moist  with  ether,  and  the  temperature  of  the  bulb  rapidly 
ed  ;  but  when  the  cooling  is  slowly  effected,  I  believe  the  indi- 
IS  of  this  hygrometer  to  be  at  least  equally  correct  as  those  afford- 
th'e  very  elegant,  yet  more  costly  and  less  portable,  apparatus  of 
aniell.  Fornicts  confirmatory  of  this  opiniouthe  le^^^i  ixvv] 
lit  an  eanr  ia  the  Edinburgh  Jburaal  of  Science,  ^o.  *»&.  ^.  ^« 
•  Foggo,  jimr.  of  Leith, 
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It  ii  desirable,  on  some  occasions,  not  merely  to  know  the  bypo- 
metric  condition  of  air  or  gases,  but  also  to  deprive  them  enUreW  of 
their  vapour.  This  may  be  done  to  a  great  extent  by  exposing  them 
to  intense  cold;  but  the  method  now  generally  preferred  is  by  Diing- 
ing  the  moist  gas  in  contact  with  some  substance  which  has  a  power- 
ful chemical  attraction  for  water.  Of  these  none  is  preferable  to  tlM 
chloride  of  calcium. 

Constitution  of  Oases  tot/A  respect  to  Caloric. 

The  experiments  of  Mr  Faraday  on  the  liquefaction  of  gaseoos 
substances  appear  to  justify  the  opinion  that  gases  are  merely  the  va- 
poura  of  extremely  volatile  liquids.  Most  of  these  liquids,  however, 
are  so  volatile,  that  their  boiling  point,  under  the  atmospheric  prearare, 
is  lower  than  any  natural  temperature ;  and  this  is  the  reason  why  Ubiej 
are  always  found  in  the  gaseous  state.  By  subjecting  them  to  great 
pressure,  their  elasticity  is  so  far  counteracted  that  they  become  liquid. 
But  even  when  thus  compressed,  a  very  moderate  heat  is  suffietent  to 
make  them  boil ;  and  on  the  removal  of  pressure  they  resume  the 
elastic  form,  most  of  them  with  such  violence  as  to  cause  a  report  IDn 
an  explosion,  and  othera  with  the  appearance  of  brisk  ebullition.  An 
intense  degree  of  cold  is  produced  at  Uie  same  time.  In  consequeiiee 
of  caloric  passing  from  a  sensible  to  an  insensible  state. 

The  process  for  condensing  the  gases  (Philos.  Trans,  for  1828)  con- 
sists in  exposing  them  to  the  pressure  of  their  own  atmospheres.  Tt>e 
materials  for  producing  them  are  put  into  a  strong  glass  tube,  which 
is  afterwards  sealed  hermetically,  and  bent  in  the  middle,  as  repre- 
sented by  the  figure.    The  gas  is  generated,  if  necessary  by  the  appll- 


tation  of  heat,  and  when  the  pressure  becomes  sufficiently  great,  the 
liquid  is  formed  and  collects  in  the  free  end  of  the  tube,  which  is  kept 
cool  to  facilitate  the  condensation.  Most  of  these  experiments  are 
attended  with  danger  from  the  bursting  of  the  tubes,  against  wfaieh 
the  operator  must  protect  himself  by  the  use  of  a  mask. 

The  pressure  required  to  liquefy  the  gases  is  veiy  variable,  as  wiH 
appear  from  the  following  table.  The  results  were  obtained  by  Mr 
Faraday. 

Sulphurous  acid  gas 
Sulphuretted  hydrogen  gas 
Carbonic  acid  gas 
Chlorine  gas 
Nitrous  oxide  gas 
Cyanogen  gas 
Ammoniacal  gas 
Muriatic  acid  gas 


2  atmospheres  at 

46°  F. 

17 

W, 

86 

82°. 

4 

60°. 

50 

46°. 

8.6 

46°. 

6.5 

60°. 

40 

50°.* 

*  The  general  ^aw  In  regard  to  the  elasticity  or  tension  of  gases 

is  that  this  property  increases  with  the  compressing  force.    Oented, 

however,  has  abown,  that  this  tew  does  not  always  hold ;  for  he  aKer- 

Uiaed  that  coiideiMfible  gases,  flNib|eel«d  to  %  vt<Aa\n«  iMar  to  that  at 

wbicb  their  condeoMtioB  would  take  p\acA>uii^«Y«i^^  V^^tt  «Qiift»r 
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Sources  of  Caloric. 

The  sources  of  caloric  may  be  reduced  to  six.  1.  The  tun.  2f. 
Combiution.  3.  Electricity.  4.  The  bodies  of  animals  during  life. 
5.  Chemical  action.  6.  Mechanical  action.  All  these  means  of  pro- 
curing a  supply  of  caloric,  except  the  last,  will  be  more  conveniently 
considered  in  .other  parts  of  the  work. 

The  mechanical  method  of  exciting  caloric  is  by  friction  and  per* 
eusrion.  When  parts  of  heavy  machinery  rub  against  one  another, 
the  heat  excited,  if  the  parts  of  contact  are  not  well  greased,  is  suffi- 
cient for  kindling  wood.  The  axle-tree  of  carriages  has  been  burned 
from  tUs  cause,  and  the  sides  of  ships  are  said  to  have  taken  fire  by  the 
npid  descent  of  the  cable.  Count  Rumford  has  given  an  interesting 
account  of  the  caloric  excited  in  boring  cannon,  which  was  so  abundant 
u  to  beat  a  considerable  quantity  of  water  to  its  boiling  point.  It 
•ppeared  firom  his  experiments  that  a  body  never  ceases  to  give  out 
heat  bv  friction,  however  long  the  operation  may  be  continued ;  and 
he  inrerrod  from  this  observation  that  caloric  cannot  be  a  material 
substance,  but  is  merely  a  property  of  matter.  M.  Pictet  observed  that 
solids  alone  produce  heat  by  friction,  no  elevation  of  temperature 
tiUng  place  from  the  mere  agitation  of  fluids  with  one  another.  He 
fouocTlhat  the  heat  excited  by  friction  is  not  in  proportion  to  the  hard- 
nets  and  elasticity  of  the  bodies  employed.  On  the  contrary,  a  piece 
of  brass  rubbed  with  a  piece  of  cedar  wood  produced  more  heat  than 
when  rubbed  with  another  piece  of  metal ;  and  the  heat  was  still 
greater  when  two  pieces  of  wood  were  employed. 


SECTION  II. 

LIGHT. 

Light  is  similar  to  caloric  in  many  of  its  properties.  They  are 
both  emitted  in  the  form  of  rays,  traverse  the  air  in  straight  lines,  and 
Are  subject  to  the  same  laws  of  reflection.  The  intensity  of  each  di- 
ninishes  as  the  square  of  the  distance  from  their  source.  They  often 
accompany  each  other ;  and  on  some  occasions  seem  to  be  actually 
converted  into  one  another.  It  has  been  supposed,  from  this  circum- 
•lance,  that  they  are  modifications  of  the  same  agent ;  and  though 
most  persons  regard  them  as  independent  principles,  yet  they  are 
certainly  allied  in  a  way  which  is  at  present  quite  inexplicable. 

There  are  two  kinds  of  light,  natural  and  artificial ;  the  former  pro- 
ceeding from  the  sun  and  stars,  the  latter  from  bodies  which  are 
strongly  heated.  The  light  derived  from  these  sources  is  so  diJQerent, 
that  it  is  necessary  to  speak  of  them  separately. 

tioD  of  volume  than'  is  proportional  to  the  pressure.  Berzelius 
accounts  for  this  fact  by  supposing  that  the  close  proximity  of  the 
molecules  of  a  gas,  occasioned  by  great  presnure,  brings  the  particles 
more  completely  within  the  sphere  of  each  other's  attraction,  and  thus 
counteracts  the  separating  power  of  the  caloric,  which  he  conceives 
does  not  act  under  favourable  circumstances,  unless  the  pot^deniV^V^ 
particles  are  at  a  eettaio  dbUnee  from  each  othet.  ^^tx^Vwsa^ 
Tnir^  de  Cbimh,  /.  S3,  66.)  Theae  views  have  a  \Manfh&  on  ^« 
expeHmeatMofMrFMnday,  cited  in  the  text.    B. 
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The  Milir  n^  tome  to  us  ellhet  iliitcllf , 
■hhie,  Di  inilricelly,  in  conHqucnce  o(  being  diffuwil  Ihrou^  biti 
DOMfhcie,  <«ntll«ilinK  ilsy-ilght.  Tliey  fia*  freely  Ibraofk  «"' 
•Olid  iOd  liquid  bodies,  hence  cilled  IronipDreat,  such  as  c1m,M 
ciyatil,  witer,  aoi  mtny  albert,  which,  ir  cleir  and  In  iiioiUrUMjrl 
liyan,  inictrept  i  poriioD  ofligbt  Ihit  ii  quite  iiuppredaU*  ij 
eauiinnd  lo  Ihe  quantity  Iruuinited.  0)nke  bodies,  ou  the  eotOl 
inteiccpl  ihe  ny»  eoliiely,  absotbing  aoine  nf  ihi'm  and  nflM 
Dihen.  In  ihii  reepcci,  aim,  iherc  i«  a  close  analoKy  beltrecsll 
■od  caloiici  lot  <»ery  good  lefloeloi  of  Ihe  One  leflects  ti>««l_ 
•1*0.  ,/ 

I'hougb  inniparent  lubttaoecR  permit  Iha  lizhl  to  pan  (IMM 
them,  tbey  nsTerlhAeai  eien  a  coDflderable  inBucnce  upon  itkW 
pauige.  All  Ihe  >iy>  which  Till  obliquely  iie  refracicd,  lhilii,0. 
nide  tn  deilata  (ram  ihcii  original  direciioo.    It  wis  iliis  '  ^ 

(nnipiTOUl  media  nhlch  ennbleJ  l:>i(  lauc  Newloo  lo  ( 
eompound  naliita  of  llie  loUr  llghl,  and  to  reaulvo  ll  inti 
luenl  pull.  Tlie  auhilaiice  eommaaly  employed  for  thi* 
IriiUKOlat  piece  of  gliti  called  ihe  priini.    lla  actlou  de,.^ 

lb*  dillerenl  refiaoKlbilily  of  Ibe  seven  coloured  tay>  whioll  c 

■  colouilesi  one,  The  violel  ray  aufTera  llu  pealesi  rorrteUeoi  4 
the  ted  Ihe  leant;  while  the  olhet  colours  of  ibe  ralnbon'  lie  htU 

them,  duposed  lo  regular  euceeision  according  to  (lie  ilcgree  of  A . 

tion  which  ihey  bare  individually  eiperienced. '  Ttie  coloured  ^Hf 
ao  produced  ii  called  Uie  pniinatic  apiclrum,  which  is  alwaya  boSv 
ad  by  Ihe  violel  lay  an  one  >tde.  and  by  Ihe  red  on  the  other. 

The  priiinalle  colouta,  Bceoidiug  lo  the  ejipBrimeiila  of  Sir  W.  Sw 
Mhel.  differ  in  Ihclr  Illuminating  power.  The  arioee  poifeMttdll 
properly  In  a  higher  degree  than  Ihe  red ;  and  ilie  yellow  am 
lllunilxaie  objecia  iilll  more  perfectly.  The  maximuoi  of  illutnlnitW 
Ilea  in  the  brighleal  yellow  Oi  paleat  green.  Tho  green  itKlfliM^f 
equally  bright  with  the  yellow ;  but  from  the  full  deep  ^raen,'M 
illuminilinfc  power  dvcreaaee  very  Benaihly.  That  of  t&»  bhni 
DOarly  equal  lo  Ihol  of  Ihe  red;  the  indigo  hni  much  lesa  Iht^At 
bluoiBDd  Ihe  violet  is  very  deB el enl,     (Phil.  Trana.  1800.)       ..« 

The  Holir  iiyi,  bolb  direet  and  dilTiuicd,  poaaeas  Ibc  piaperty  itaK 
ciUng  heal  aa  well  as  light.  1'bia  effect  takes  pince  ouly  wft^JlK 
raya  are  abaorbed ;  for  Ihe  temperature  of  Inniparent  lUbnlHr 
Ibrough  which  Ihey  pass,  or  of  opake  ones  by  which  they  •(»  idail 
oil.  Ii  ri"!  -MleclrA  by  Ibem.  Hence  it  happena  thai  Ihe  buruiac^ip 
."lluctiir  are  ihemaelvcs  nearly  or  quite  cool,  allheflf 
iiidng  n  alroiig  heat  by  callecliu^  the  lun's  layalBMt 
le  coldneta  that  previila  in  the  higher  strati  of  lit 
-      ""- .banrbedf       " 


riho      

al  of  puie  radiant  caloiit. 
gher  lemperatute  in  Ikl 
in  Ihe  general  prefeimce 
Biunmer;  and  Ihia  p[«c- 
.1,  b>B  been  jostiGed  by 
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by  placing  pieces  of  cloth  of  the  same  texture  and  size,  but  of 
colours,  upon  snow,  and  allowing  the  sun's  rays  to  fall  upon 
rhe  dark  coloured  specimens  always  absorbed  more  caloric 
light  ones,  the  snow  beneath  the  former  having  melted  to  a 
sztent  than  under  the  others ;  and  it  was  remarlced  that  the 
18  nearly  in  proportion  to  the  depth  of  shade.  Sir  H.  Davy 
i  recently  examined  the  subject,  and  arrived  at  the  same  con- 

lys  of  the  prismatic  spectrum  differ  from  one  another  Id  their 
power  as  well  as  in  coIoUr.  Their  difference  in  this  respect 
noticed  by  Herschel,  who  was  induced  to  direct  his  atten- 
le  subject  by  the  following  circumstance.  In  viewing  the 
leans  of  large  telescopes  through  differently  coloured  darken- 
les,  he  sometimes  felt  a  strong  sensation  of  heat  with  very 
It,  and  at  other  times  he  had  a  strong  light  with  little  beat, — 
m  which  appeared  to  depend  on  the  colour  of  the  elasses 
a  used.  This  observation  led  to  his  celebrated  researches  on 
bg  power  of  the  prismatic  colours,  which  were  published  in 
OMphical  Transactions  for  1800. 

cperiments  were  made  by  transmitting  a  solar  beam  through  a 
iceiTfaac  the  spectrum  on  a  table,  and  placing  the  bulb  of  a 
icate  thermometer  successively  in  the  different  parts  of  it. 
igaged  in  this  inquiry,  he  observed  not  only  that  the  red  was 
»t  ray,  hut  that  there  was  a  point  a  little  beyond  the  red,  al- 
oot  of  the  spectrum,  where  the  thermometer  stood  higher 
he  red  itself.  By  repeating  and  varying  the  experiment,  he 
id  that  the  most  intense  heating  power  was  always  beyond  the 
where  there  was  no  light  at  all ;  and  that  the  heat  progres- 
minished  in  passing  from  the  red  to  the  violet,  where  it  was 
le  hence  inferred  that  there  exists  in  the  solar  beam  a  distinct 
ray,  which  causes  heat  but  not  light;  and  that  these  rays,, 
ng  less  refrangible  than  the  luminous  ones,  deviate  in  a  lesa 
rom  their  original  direction  in  passing  through  the  prism, 
cceeding  experiments  confirm  the  statement  of  Sir  W.  Her- 
it  the  prismatic  colours  have  very  different  heatinz  powers ; 
are  at  variance  with  respect  to  the  spot  at  which  the  heat  is 
[mum.  Some  assert  with  Sir  W.  Herschel  that  it  is  beyond 
fty;  while  others,  and  in  particular  Professor  Leslie,  contend 
in  the  red  itself.  The  recent  observations  of  M.  Seebeck  in 
burgh  Journal  of  Science,  I.  358,  appear  decisive  of  the  ques- 
e  found  that  the  point  of  greatest  heat  was  variable  according 
:ind  of  prism  which  was  employed  for  refracting  the  rays. 
I  used  a  prism  of  fine  flint  glass,  the  greatest  heat  was  con- 
eyond  the  red.  With  a  prism  of  crown  glass,  the  greatest 
In  the  red  itself.  When  he  employed  a  prism  externally  of 
t  containing  water  within,  the  maximum  was  neither  in  the 
beyond  it,  but  in  the  yellow.  It  is  difficult  to  account  for 
lenomena,  except  on  the  supposition  that  the  different  kinds 
I  differ  in  their  power  of  refracting  caloric.  These  experi- 
erefore  confirm  the  opinion  of  Sir  W.  Herschel,  that  the  sun- 
itains  calorific  rays,  distinct  from  the  luminous  ones ;  and  ren- 
;h]y  probable,  that  the  heating  effect  imputed  to  the  latter,  is 
ring  to  the  presence  of  the  former. 

long  been  known  that  the  solar  light  is  capable  of  producing 
chemical  changes.    One  of  the  most  striking  instances  of  it 
rer  of  darkening  the  white  chloride  of  silver,  Oiu  et[<ec\  ^Y\tVk 
ee  ghwly  in  the  diffused  light  of  day,  but  In  ihe  cwaxit  «l 
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:  \    .\  ■  ■  •  ^-    ■'    '  z     •  »    ''Z  :  ■-  *h-ne  ia  tbedaik, 
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.■^.•.         ..•.•- .^    •,  .V  :  i<    .   .       t  ■.:!!.     Thedrstdegioe 

t'  I  ;;*aeDt<a,  the  rednea 
' . .  -r?  A  fuU  red  glow. 
I**.  :he  chiracter  of  thi 
:.'-.:.. Tiz  trith  iocreafing 
--.  L>,  xiif  and  gafOf 
.•.■■:  w  .-.-•.  ;  .  rx'.-?::  u:  a  rerylii|li 
-:;'(::. I  ^i-  ..  ..-.  :n^re  (ban  i»  mn- 
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com  t:.\!ioou!i  miner. 

All  aniticial  lights  ire  procure!  by  the  r.»-u -«■:*•  ion  or  burning  of  Ib- 
tUniinuble  matter.  So  large  a  quantity  of  o.i!  :>:!c  i«  erolred  during 
the  pi ^loos:;.  that  l)ie  bo.iy  i^  uiaiL*  inc.iii  ie-cen;  in  the  momentol 
bein^  consuiuoil.  'lMio«e  $u^sta^ce?  are  pretVrrtrJ  for  the  purposes  of 
illuMiination  that  yieUi  gaiseou.'*  pro<lucis  when  «iroDzly  healed,  which 
by  beconiinf;  luminous  while  they  burn,  constitute  tlame.  The  light 
derived  from  such  sources  ditfer<  fioiii  the  solar  lieht  in  being  accom- 
Tree  radiant  caloric  similar  to  that  emitted  by  a  non-luminous 
JThe  free  radiant  caloric  may  be  separated  by  a  screen  of 
Nit  the  light  so  puritied  still  heats  any  body  that 
Id  appear  that  it  retains  aome  c%ton&^  va.'ifa 
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^il|^^»  ^ike  those  in  the  solar  beam,  accompany  the  lumlnoas  ones  in 

^4^  passage  through  solid  transparent  media*.    Terrestrial  light  hai" 

1|^5"J  lopposed  to  contain  no  chemical  rays ;  but  the  experiments  with 

'H^j^'^ngly  heated  by  the  method  of  Mr  Drummond,  have  proved 

"^^l^attificial light  of  great  intensity  is  productive  of  chemical  changes 

'^^^ir  to  those  occasioned  by  solar  light.    (Annals  of  Philosophy, 

^^  Ught  is  emitted  by  some  substances  at  common  temperatures,  giv- 
-^^^V  ''m  to  an  appearance  which  is  called  phosphorescence.  This  phe- 
tjnenon  seems  owing  in  some  instances  to  a  direct  absorption  of  light 
^Uch  is  afterwards  slowly  emitted.  A  composition  made  by  heating 
^  fedoess  a  mixture  of  calcined  oyster  shells  and  sulphur,  known  by 
B  name  of  Canton*8  Phosphorus,  possesses  this  property  in  a  very 
^•markable  degree.  It  shines  so  strongly  for  a  few  minutes  after  ex- 
feaoaure  to  light,  that  when  removed  to  a  dark  room  the  hour  on  a 
>iVAtch  may  be  distinctly  seen  by  it.  Afler  some  time  it  ceases  to  be 
^ominous,  bat  regains  the  property  when  exposed  during  a  short  inter- 
"^aJ  to  light    No  chemical  change  attends  the  phenomenon. 

Another  kind  of  phosphorescence  is  observable  in  some  bodies 
'^vhf(n  they  are  strongly  heated.  A  piece  of  marble,  for  example,  heat- 
ed to  a  degree  which  would  only  make  other  bodies  red,  emits  a  bril- 
liant white  light  of  such  intensity  that  the  eye  cannot  support  its  im- 
preaaion. 

A  third  species  of  phosphorescence  is  observed  in  the  bodies  of  some 
animalSy  either  in  the  dead  or  living  state.  Some  marine  animals,  and 
particularly  fish,  possess  it  in  a  remarkable  degree.  It  may  be  wit- 
nessed in  the  body  of  the  herring,  which  begins  to  phosphoresce  a  day 
or  two  after  death,  and  before  any  visible  sign  of  putrefaction  has  set 
in.  Sea-water  is  capable  of  dissolving  the  Tuminous  matter ;  and  it  is 
probably  from  this  cause  that  the  waters  of  the  ocean  sometimes  ap- 
pear luminous  at  night  when  agitated.  This  appearance  is  also  as- 
cribed to  the  presence  of  certain  animalcules,  which,  like  the  glow- 
worm of  this  country,  or  the  fire-fly  of  the  West  Indies,  arc  naturally 
phosphorescent. 

It  is  sometimes  of  importance  to  measure  the  comparative  intensi- 
ties of  light,  and  the  instrument  by  which  this  is  done  is  called  a  pho- 
tometer. The  only  photometer  which  is  employed  for  estimating  the 
relative  strength  of  the  sun's  light  is  that  of  Mr  Leslie.  It  consists  of 
his  differential  thermometer,  with  one  ball  made  of  black  glass.  The 
clear  ball  transmits  all  the  luminous  rays  that  fall  upon  it,  and  there- 
fore its  temperature  is  not  affected  by  them  :  they  are  all  absorbed, 
on  the  contrary,  by  the  black  ball,  and  by  heating  and  expanding  the 
air  within,  cause  the  liquid  to  ascend  in  the  opposite  stem.  The  whole 
instrument  is  covered  with  a  case  of  thin  glass,  the  object  of  which  is 
to  prevent  the  balls  from  being  affected  by  currents  of  cold  air.  The 
action  of  this  photometer  depends  on  the  heat  produced  by  the  ab- 
sorption of  light.  Mr  Leslie  conceives  that  light  when  absorbed  is 
converted  into  heat;  but  according  to  the  experiments  already  leferred 
to,  the  effect  must  be  attributed,  not  so  much  to  the  light  itself,  as  to 
the  absorption  of  the  calorific  rays  by  which  it  is  acccnipanied. 

Mr  Leslie  recommends  his  photometer  also  for  determining  the  re- 
lative intensities  of  artificial  light,  such  as  that  emitted  by  candles,  oil, 
or  gas.  This  application  of  it  differs  from  the  foregoing,  because  the 
light  proceeding  from  terrestrial  sources  contains  caloric  under  two 
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Ibmif :  one  is  analogoos  to  that  emitted  bj  a  body  which  Is  not  lumi- 
nous ;  the  other  is  similar  to  that  which  accompanies  the  aolar  ligbt 
It  is  presumed  that  the  first  form  of  caloric  wili  not  prove  a  source  of 
error :  that  these  rays  are  wholly  intercepted  by  the  outer  case  ofi^; 
or  that,  should  a  few  penetrate  into  the  interior,  they  will  be  absorbsd 
equally  by  both  balls,  and  will  therefore  heat  them  to  the  sane  eip 
tent.  It  is  probable  that  this  reasoning  is  not  wide  of  the  tnitfa ;  nd 
consequently,  the  photometer  will  give  correct  indications  so  fiur  u 
regards  the  new  element — non-luminous  caloric.  But  it  Is  not  appli- 
cable to  lights  which  differ  in  colour ;  for  their  heating  power  is  out  of 
all  proportion  to  their  light.  Thus,  the  light  emitted  by  burning  dt^ 
ders  or  red-hot  iron,  even  after  passing  through  glass,  contains  a  qou- 
tity  of  calorific  rays,  which  is  out  of  all  proportion  to  the  lumlnooi 
ones ;  and  consequently,  they  may  and  do  produce  a  greater  efibct  si 
the  photometer  than  some  lights  whose  illuminating  powen  are  fiir 
greater. 

The  second  kind  of  photometer  is  on  a  totally  different  principle. 
It  determines  the  comparative  strength  of  lights  by  a  compaiiion  of 
their  shadows.  This  instrument  was  invented  by  Count  Rumford,  nd 
is  described  by  him  in  his  Essays.  It  is  susceptible  of  g^eataoemey 
when  employed  with  the  requisite  care*  ;  but,  like  Uie  foregoing,  ito 
indications  cannot  be  trusted  when  there  is  much  difference  mtke  co- 
lour of  the  lights.  In  this  case,  the  best  mode  of  obt^ning  an  apimai- 
mative  result,  is  by  observing  the  distance  from  each  light  at  wUcfa 
any  given  object,  as  a  printed  page,  ceases  to  be  distinctly  visible. 
The  illuminating  power  of  the  lights  so  compared  is  as  the  squares  of 
the  distance. 


SECTION  III. 

ELECTRICITY. 

When  certain  substances,  such  as  amber,  glass,  sealing-wax,  or  sri* 
phur,  are  rubbed,  and  then  brought  near  small  fragments  of  paper, 
cork,  or  other  light  bodies,  the  latter  move  rapidly  towards  the  fonner, 
and  adhere  during  a  longer  or  shorter  interval  to  their  surface.  If  tin 
body  which  is  thus  excited  by  friction  is  light  and  freely  suspended, 
it  will  move  towards  the  substances  in  its  vicinity.  After  a  woile  tin 
excited  body  loses  its  influence  ;  but  it  may  be  renewed  for  any  muB- 
ber  of  times  by  friction.  The  movement  observed  in  these  instuicei 
is  attributed  to  a  peculiar  kind  of  attraction,  and  the  unknown  eaupe 
of  this  attraction  is  called  Electricity,  from  the  Greek  word  wxntvin 
amber,  because  the  electric  property  was  first  noticed  in  this  sub- 
stance. 

The  ancients  were  aware  that  amber  and  the  lyncurium^  (supposed 
to  be  our  tourmalin,)  may  be  rendered  electric  by  friction ;  but  it  wis 
not  known  that  other  bodies  may  be  similarly  excited  until  the  eoo- 
mencement  of  the  17th  century,  when  Dr  Gilbert  of  Colchester  de- 
tected the  same  property  in  a  variety  of  other  substances.    Of  those 


*  See  an  Essay  on  the  Constnicllon  o{  Coal  Gas  Burners,  &c.  in  the 
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irhich  he  hu  enumerated  in  his  treatise  de  Magnete,  the  priDcipal 
are  the  diamond,  rock  crystal,  and  several  of  the  precious  stones, 
glacff,  sulphur,  mastic,  sealing-wax,  and  resin  ;  and  in  making  this  dis- 
covery he  laid  the  foundation  of  the  science  of  Electricity.  A  few 
tdditional  facts  were  noticed  during  the  course  of  the  same  century  by 
Boyle,  Otto  de  Guericke,  and  Dr  Wall,  and  in  1709  Mr  Hawkesbee 
published  an  account  of  many  curious  electrical  experiments ;  but  no 
Biaterial  progress  was  made  in  this  department  of  knowledge  till  between 
the  years  1729  and  1733,  when  the  discovery  of  new  and  important 
hete  by  Mx  Stephen  Grey  in  this  country,  and  M.  Dufay  in  France, 
ittractad  general  i)ttention  to  the  subject,  and  speedily  acquired  for  it 
the  regular  form  of  a  science*. 

The  most  important  fact  established  by  Mr  Grey  was  the  fundamen- 
tal one,  that  electricity  passes  freely  along  certain  substances,  and 
tint  its  progress  is  more  or  less  entirely  arrested  by  others.  M.  Du- 
fay, In  repeating  the  experiments  of  Grey,  observed  that  an  electrified 
iubatanee  not  only  'attracts  light  bodies,  but  causes  them  after  con- 
tact to  fly  off  from  its  surface  as  if  by  a  principle  of  repulsion.  This 
singular  phenomenon,  which  is  termed  electrical  repulsion,  had  been 
previously  noticed  by  Otto  de  Guericke,  but  the  merit  of  original  ob- 
servation seeme  also  justly  due  to  the  French  philosopher.  Dufay 
Ukewiee  noticed  that  the  electricity  excited  on  glass  is  different  from 
Aat  of  resin,  and  hence  inferred  the  existence  ortwo  kinds  of  electri- 
city, the  vitreous  and  resinous,  the  former  belonging  to  ^ass,  and  the 
latter  to  resin.  He  established  an  excellent  mode  of  distinguishing 
them,  by  finding  that  substances  possessed  of  the  same  kind  of  elec- 
tricity always  repel  each  other ;  and  that  attraction  is  as  uniformly 
exerted  between  substances  which  are  in  opposite  states  of  electrical 
excitement. 

Another  fact  of  consequence,  relative  to  the  excitement  of  electricity 
by  friction,  was  discovered  in  1769  by  Mr  Symmer,  (Philos.  Trans,  li. 
340),  who  found  that  when  two  bodies  are  rubbed  together,  both  are 
excited,  and  that  one  always  possesses  vitreous  and  the  other  resinous 
electricity.  This  induced  Symmer  to  modify  the  doctrine  of  the  two 
electricities.  Dufay  conceived  the  vitreous  electricity  to  be  peculiar 
to  some  substances  and  the  resinous  electricity  to  others.  Symmer, 
on  the  contrary,  maintained,  that  bodies  in  their  ordinary  unexcited 
condition  contain  both  kinds  of  electricity  in  a  state  of  combination  ; 
and  as  they  then  neutralize  or  counteract  each  other's  effects,  no 
electrical  phenomena  are  apparent ;  that  friction  produces  excitement 
by  separating  the  two  principles ;  and  that  excitation  continues  until 
that  kind  of  electricity  which  has  been  withdrawn  is  restored. 

Dufiiy's  doctrine  of  the  two  electricities  as  modified  by  Symmer  is 
consistent  with  all  the  facts  which  subsequent  observation  has  brought 
to  light,  and  js  adopted  almost  universally  in  France  and  other  parts  of 
the  continent.  It  is  found  that  all  substances,  when  electrified  by 
friction,  are  thrown  into  opposite  states  of  excitement;  that  electrical 
repulsion  is  never  observed  but  between  bodies  similarly  electrified  ; 
and  that  electrical  attraction  is  as  uniformly  owing  to  the  substances 
possessing  different  kinds  of  electricity.  For  these  phenomena,  how- 
ever, Dr  Franklin  proposed  a  different  explanation,  founded  on  the 
supposition  of  there  being  only  one  kind  of  electricity.  According 
to  this  philosopher,  when  bodies  contain  their  natural  quantity  of  elec- 
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tricity,  they  do  not  manifest  any  electrical  propertiefl ;  but  they  are  ex« 
cited  either  by  its  increase  or  diminution.  On  rubbini;  a  tube  of  glais 
with  a  woollen  cloth,  the  electrical  condition  of  both  aubatancefl  is 
disturbed  ;  the  former  acquires  more  or  is  overcharged,  the  other  la« 
than  its  natural  quantity  or  is  undercharged.  These  opposite  states  he 
expressed  by  the  terms  positive  and  negative,  the  first  correapoBdlng 
to  the  vitreous,  the  second  to  the  resinous  electricity  of  Dufiiy^ 
Electrical  repulsion,  according  to  Franklin,  takes  place  between  sob* 
stances  which  contain  either  more  or  less  than  their  natural  quantity ; 
and  electrical  attraction  is  only  exerted  between  two  bodies,  mm  ot 
which  contains  more  than  its  natural  quantity  and  th«  other  lesa.  The 
excess  of  electricity  has  a  strong  tendency  to  pass  from  a  positiTely 
to  a  negatively  excited  surface,  so  as  to  restore  the  equilibrium  iD 
both ;  and  this  always  happens  either  by  contact}  or  from  such  pna- 
imity  that  the  electricity  is  able  to  pass  from  one  to  the  other  throoglb 
the  intervening  stratum  of  air.  The  phenomena  of  electricity  are  ex- 
plicable by  both  these  theories;  but  as  that  of  Dr  Franklin  is  com* 
monly  adopted  in  Britain,  I  shall  employ  it  by  preference  in  tUi 
treatise. 

It  has  been  objected  to  this  hypothesis  that  it  does  not  accoontsa* 
tisfactorily  for  the  repulsion  observed  between  bodies  negatively  elae^ 
trified.  The  separation  of  two  positive  electric  bodies  is  easily  ac- 
counted for  by  the  repulsive  power  supposed  to  be  exerted  among  the 
particles  of  the  electricity  accumulated  upon  Ihem ;  while  subitanees 
which  are  negative,  or  possess  less  than  their  natural  quantity  of  dec- 
tricity,  cannot  be  influenced  by  such  a  power,  and  therefore  it  is  argued 
ought  not  to  diverge  or  separate.  This  mode  of  reasoning,  however, 
is  entirely  hypothetical.  There  is  no  proof  that  the  divergence  ob- 
served in  similarly  electrified  bodies  is  owing  to  actual  repulsion;  and 
the  phenomenon  may  be  explained  equally  well  on  the  principle,  that 
the  two  excited  substances  are  attracted  in  opposite  dtreetions,  in 
consequence  of  the  contiguous  strata  of  air  being  rendered  oppositely 
electrical  by  induction.  In  this  way  all  the  phenomena  of  electrical 
attraction  and  repulsion,  are  referable  to  the  attractive  power  exerted 
between  bodies  in  opposite  states  of  excitement.  The  term  repulsioo, 
according  to  this  view,  is  used  merely  to  express  the  act  of  separation 
or  divergence. 

Nothing  certain  is  known  concerning  the  principle  or  cause  ^of  t&e 
phenomena  of  electricity.  It  may  possibly  be  only  a  property  of  mat- 
ter, called  into  action  by  particular  circumstances ;  but  the  phenome- 
na accord  much  better  with  the  opinion,  which  is  now  almost  univfl^ 
sally  received  by  philosophers,  that  it  is  a  highly  subtile  elastic  fliiid» 
too  light  to  affect  the  most  delicate  balances^  capable  of  moving  writb 
extreme  velocity,  and  present  in  all  bodies.  Its  influence,  in  excited 
bodies,  is  diffused  uniformly  in  every  direction;  and  like  light  aid 
other  principles  which  are  subject  to  this  law,  its  power  diminishefii 
the  squares  of  the  distance.  It  is  one  of  the  most  energetic  principlet 
in  nature.  It  is  the  cause  of  thunder  and  lightning  ;  the  phenomena 
of  galvanism,  and  probably  of  magnetism,  are  produced  by  it ;  and  the 
influence  which  it  exerts  over  chemical  changes  is  so  great,  that  some 
philosophers  regard  it  as  the  cause  of  chemical  attraction.  The  par- 
ticles of  the  electric  fluid  are  supposed  to  be  highly  repulsive  to  each 
otiier,  and  to  be  powerfully  attracted  by  other  material  subataneei* 
The  tendency  to  pass  from  overcharged  suffaces  to  those  that  are  in  a 
negative  state,  may  be  ascribed  to  one  or  other  of  these  propertiefi  er 
perhaps  to  their  conjoint  operation. 
EJedtricity  may  be;  excited  in  a\\  aoM  a\]L\i9\Mi.c«a  Vs  Veuct^st^,  "tift 
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Msertlon  seems  at  first  view  contrary  to  fact.  It  is  well  known  that 
»  melallic  substance,  if  held  in  (he  hand,  may  be  robbed  for  any  length 
of  time  without  exhibiting  the  least  sign  of  electricity  ;  an  obtiervation 
which  led  to  the  division  of  bodies  into  such  as  may  be  excited  by 
ftictioD,  and  into  those  that,  under  the  same  circumstances,  give  no 
sign  of  electrical  excitement.  The  former  were  called  Electrics,  the 
latter  JVbn-e/ec/rtcs.  But  the  distinction  is  not  founded  in  nature. 
A  metallic  substance  does  not  indeed  exhibit  any  trace  of  electricity 
when  rubbed  in  the  same  way  as  a  piece  of  glass ;  but  if,  while  it  is 
rubbed  with  the  dry  fur  of  a  cat,  it  is  supported  by  a  glass  handle,  it 
will  then  evince  signs  of  electrical  excitement. 

The  difficulty  and  apparent  impossibility  of  exciting  metallic  bodies, 
receives  an  explanation  from  the  fact  observed  by  Grey,  that  the 
electric  fluid  passes  with  great  facility  along  the  surface  of  some  sub- 
stances, and  with  difficulty  over  that  of  others ;  and  this  discovery  has 
led  to  the  division  of  bodies  into  conductors  and  non-conductors  of 
electricity.  If  an  excited  conductor,  such  as  a  metallic  wire,  be  made 
to  communicate  with  the  earth  at  one  of  its  extremities,  the  electricity 
will  pass  to  it  from  the  opposite  end  in  an  instant,  even  though  it 
were  several  miles  in  length  ;  so  that  when  the  equilibrium  is  disturb- 
ed, it  will  be  at  once  restored  along  the. whole  wire,  just  as  effectually 
as  if  every  point  of  it  communicated  with  |he  ground.  But  an  excited 
■tick  of  glass  or  resin  is  not  affected  in  Ihe  same  manner ;  for  as  elec- 
tricity does  not  obtain  a  free  passage  along  them,  the  equilibrium  is 
restored  in  those  parts  only,  which  are  actually  touched.  For  this 
reason  a  non-conductor  of  electricity,  though  held  in  the  hand,  may 
be  readily  excited ;  but  a  good  conducting,  body  cannot  be  brought 
ioto  that  state,  unless  it  be  insulated,  that  is,  cut  off  from  communi- 
cation with  the  earth  by  means  of  some  non-conductor.  This  is  ge- 
nerally effected  either  by  supporting  a  body  with  a  handle  of  glass,  or 
by  placing  it  on  a  stool  made  with  glass  feet. 

To  the  class  of  conductors  belongUhe  metals,  charcoal,  plumbago, 
water,  and  most  substances  which  contain  water  in  its  liquid  slate, 
such  as  animals  and  plants.  The  conductibility  of  these  substances  is 
diflerent.  Of  the  metals,  according  to  the  experiments  of  Mr  Harris, 
silver  and  copper  are  the  best  conductors  of  electricity;  then  gold, 
zinc,  platinum,  iron,  tin,  and  lead.  (Philos.  Trans,  for  1827,  Part  I. 
21.)  To  the  list  of  non-conductors  belong  glass,  resins,  sulphur,  the 
diamond,  dried  wood,  precious  stones,  silk,  hair,  and  wool.  Atmos- 
pheric air  is  also  a  non-conductor.  If  it  were  not  so,  no  substance 
could  retain  its  electricity  when  surrounded  by  it.  Aqueous  vapour 
luspended  in  the  air  injures  the  non-conducting  property  of  the  latter, 
md  hence  electrical  experiments  do  not  succeed  so  well  when  the  air 
is  charged  with  moisture  as  when  it  is  dry.  The  presence  of  a  little 
moteture  communicates  conducting  properties  to  the  most  imperfect 
coodoctor ;  and  hence  it  is  impossible  to  excite  glass  by  rubbing  it  with 
a  moist  substance. 

A  knowledge  of  the  different  conducting  power  of  bodies  is  required 
tor  explaining  some  circumstances  which  appear  contradictory  to  a 
preceding  statement.  It  is  above  mentioned  that  when  two  bodies 
ate  excited  by  friction,  they  are  rendered  oppositely  electric  ;  but  if  a 
tube  of  glass  is  rubbed  by  a  person  communicating  with  the  ground, 
the  glasa  will  become  positively  electrical,  while  the  hand  of  the  ope- 
rator manifests  no  sign  whatever  of  excitement.  The  cause  of  this  is 
obvious.  The  operator  is  not  electrified,  because  the  earlVi  i^^Vote^ 
the  electric  Buid  m  bood  as  it  is  withdrawn  by  the  gUss  \  ^\il  UYv©  \a 
Umhted,  the  iadicatiooB  pf  negative  electricity  wU\  \mmed\aiU\^  i>.V- 
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pear.  Hence  it  is  a  rule  to  insulate  a  conductor,  whenever  it  is 
to  examine  its  electrical  condition. 

The  experiments  which  have  been  made  concerning  the  effiscti  of 
friction,  have  demonstrated  that  the  same  substance  is  not  alwaji 
similarly  electrified.  Its  electricity  is  influenced  partly  by  the  stile 
of  its  surface,  and  partly  by  the  nature  of  the  body  with  whidi  it  k 
rubbed.  Thus  smooth  glass  Is  rendered  positive  by  friction  with 
woollen  cloth  ;  whereas  if  its  surface  is  rough,  it  becomes  ncgMive 
from  the  same  treatment.  Smooth  glass  which  is  positive  wftb 
woollen  cloth,  is  rendered  negatively  electrical  by  being  rubbed  witik 
a  cat's  fur.  The  following  table,  from  Cavallo's  Cfomplete  Treatise  « 
Electricity,  shows  the  kind  of  excitement  produced  by  the  firietion  of 
various  substances. 

I8  rendered  By  finetian  teiih 

The  back  of  a  cat  I  Positive  5  ^^^^  substance  with  wUch  it  hM 
ine  DacK  oi  a  cat.  i  rosiuve  <     ^^^  hitherto  tried. 


Smooth  glass. 


Rough  glass 


Positive 


Every  substance  hitherto  tried  eieept 
the  back  of  a  cat 


Tourmalin 


Hare's  skin 


White  silk 


Black  Bilk 


Sealing-wax 


Baked  wood 


Positive  \  Dry  oiled  silk,  sulphur,  and  metik. 

Woollen  cloth,  onills,  wood,  paper, 
Negative  ^     sealing-wax,  wnite  wax,  Am  fanmiB 
hand. 

Positive    i  Amber,  a  current  of  air. 

Negative  <  Diamond,  the  human  liand. 

Positive   C  Metals,  silk,  loadstone,  leadier,  the 
hand,  paper,  baked  wood. 

Other  finer  furs. 

Black  silk,  metals,  black  doth. 

Paper,  hand,  hair,  weasel's  skin. 

Sealing-wax. 

The  skin  of  the  hare,  weasel,  and  i«^ 
ret;  loadstone,  brass,  diver,  faWf 
and  the  hand. 

Metals. 

The  skin  of  the  hare,  weasel,  and  fff* 
ret,  the  hand,  leather,  wooBsa 
cloth,  paper. 

Silk. 
Flannel. 


Mr  Singer  states  that  sealing-wax  is  not  rendered  po^tlvebv  fiidloe 
with  all  metals  : — iron,  steel,  lead,  and  bismuth,  as  also  plumbM 
leave  it  negative.  Mr  Cavallo's  statement  with  respect  to  while  & 
and  paper  does  not  agree  with  my  observation.  The  effect  of  wUts 
paper  is  variable ;  but  in  a  number  of  trials  I  found  that  by  csMW 
brown  paper  white  silk  was  invariaYAy  leu^eie^  v^%MX^«« 
ne  foregoing  ramarks  on  Ibe  effec\s  ol  ldc\!U«knVBL  maftwi>m»i>hti 
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principle  of  the  electrical  machine.  In  the  time  of  Grey  a 
•f  electricity  was  obtained  for  experiments  purposes  by  rub- 
elass  tube  with  the  dry  hand.  Glass  globes  made  to  revolve 
bioery  were  afterwards  substituted  for  the  tube,  the  friction  be- 
irst  produced  with  the  hand,  and  subsequently  by  means  of  a 
libber.  As  now  constructed  the  electrical  machine  is  formed 
nth  a  cylinder  or  plate  of  glass,  which  is  pressed  during  its  ro* 
y  cushions  stuffed  with  hair.    The  cushion  is  usually  covered 

amalgam  of  tin  and  zinc,  which,  partly  by  increasing  the  (He- 
ld partly  by  the  oxidation  of  the  metals,  materially  assists  Uie 
of  the  machine.  The  electricity  developed  on  the  glass  is 
led  away  by  an  insulated  bar  of  brass  placed  close  to  it,  called 
me  conductor,  on  which  it  is  collected  in  considerable  quan- 
ly  this  means  the  electricity  spread  over  the  whole  surface  of 
ae  conductor  may  be  carried  off  at  the  same  instant,  and  thus 
h  far  greater  power  than  if  accumulated  on  glass  or  any  other 
ctly  conducting  substance. 

electricity  which  is  so  freely  and  unceasingly  evolved  during 
OD  of  a  good  electrical  machine,  is  derived  from  the  great  re- 
9f  electricity,  the  earth.  This  is  obvious  from  the  fact,  that  if 
»le  apparatus  is  insulated,  the  evolution  of  electricity  immedi- 
aees ;  but  the  supply  is  as  instantly  restored,  when  the  requi- 
nmunication  is  made  with  the  ground.  In  the  state  of 
e  insulation  the  glass  and  prime  conductor  are  positive  as 
ad  the  rubber  is  negatively  excited ;  but  as  the  electricity  then 
ed  is  derived  solely  from  the  machine  itself,  its  quantity  it 
ngly  small.    When  the  machine  is  used,  therefore,  the  rubber 

to  communicate  with  the  earth.  As  soon  as  friction  is  begun, 
s  becomes  positive,  and  the  rubber  negative  ;  but  as  the  latter 
nicates  with  the  ground,  it  instantly  recovers  the  electricity 
t  had  lost,  and  thus  continues  to  supply  the  glass  with  an  un- 
ited current.  If  the  rubber  is  insulated,  and  the  prime  con- 
communicates  with  the  ground,  the  electricity  of  the  former 

conductors  connected  with  it,  is  carried  away  into  the  earth, 
y  are  negatively  electrified. 

iOQ  is  not  the  only  cause  of  electrical  excitement.  The  elec- 
ilibrium  is  often  disturbed  by  chemical  action ;  and  frequently 
Tiere  contact  of  two  substances  of  a  diflferent  kind,  as  when  a 

zinc  is  made  to  touch  a  plate  of  copper.  The  same  body  is 
les  excited  by  its  different  parts  being  unequally  heated, 
iibstances  are  excited  by  mere  elevation  of  temperature.  This 
3d  in  certain  crystallized  minerals,  as  in  tourmalin,  which  do 
less  that  symmetrical  arrangement  of  parts  commonly  existing 
;als.  Electricity  is  often  developed  during  a  change  of  form, 
ulphur  becomes  electrical  in  cooling,  and  other  liquids  exhibit 
le  appearance  in  the  act  of  congealing.  Evaporation  and  the 
lation  of  vapour  are  accompanied  by  a  similar  change,  and  it  is 
3  that  the  electricity  excited  by  these  and  other  analogous 
38  is  the  cause  of  the  electrical  phenomena  of  the  atmosphere, 
ler  cause  of  excitement  is  proximity  to  an  electrified  body ; 
the  explanation  of  many  electrical  phenomena  depends  on  a 
Ige  of  this  fact,  it  is  of  importance  to  understand  it  clearly. 
.  substance  excited  positively  is  brought  near  another  in  its  na- 
ite  and  insulated,  the  electric  equilibrium  of  the  lattec  U  \ti- 
disturbed  ;  the  parts  nearest  to  the  former  become  tie^>AN«« 
distant  ones  positive.  If  tike  body  is  not  insuValed,  V(a  eXecXri- 
^wto  tbeeaHb,  and  it  becomes  DegalWc\y  e\eelnc«\.    Vi 
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on  the  contrary,  the  exciting  subttance  ii  negatlTe,  itetiUM  the  eoi« 
tifuous  parts  of  a  body  in  its  vicinity  to  become  positive.    Heaee  It 
may  be  established  as  a  law,  that  an  electrified  body  tends  to  piodieB 
in  contiguous  substances  an  electric  state  opposite  to  Its  own.    Tte 
electricity  developed  in  this  way  is  said  to  be  mdueedy  or  to  be  ttOl* 
ted  by  induction.    The  movement  of  light  bodies  towards  an  esdiai 
stick  of  sealing-wax  or  glass  tube  is  accounted  for  on  this  pilDdpb. 
Thus,  the  vicinity  of  the  negative  sealing-wax  renders  Ae  suiiiwBi- 
iniE  objects  positive,  and  therefore  a  mutual  attraction  Is  eniM 
When  the  inside  of  a  glass  bottie  is  rendered  positive  by  contact  iHft 
the  prime  conductor  of  the  electrical  machine,  the  outside.  If  incMi- 
munication  with  the  earth,  parts  with  electridty.and  l>ecomes  oegMHa* 
Both  surfaces,  therefore,  are  electrified  and  are  in  opposite  states;  ad 
If  a  communication  be  established  between  them  by  menna  of  aewi 
conductor,  the  excess  of  electricity  instantly  passes  along  It,  and  Ml 
sides  of  the  glass  return  to  their  natural  condition.    That  the  experi- 
ment may  succeed  in  the  most  perfect  manner.  It  is  necessiiy  to 
cover  the  bottie  externally  and  internally,  except  to  within  thrae  or 
four  inches  of  its  summit,  with  tinfoil,  or  some  other  good  oondaetor, 
in  order  that  every  point  of  both  sides  of  the  glass  may  l>e  brooi^t  into 
communication  at  the  same  moment.    For  without  this  precantiSBi 
the  electric  equilibrium  of  the  two  surfaces  of  the  l>ottle,  owing  to  dv 
imperfect  conducting  power  of  glass,  will  be  restored  on  diose  poiBb 
only  which  are  touched.    The  apparatus  thus  described  Is  mveh  MB- 
ployed  by  electricians,  and  has  received  the  name  of  Leyden  phial,  Id 
consequence  of  its  remarkable  effects  having  b*-  "^n  first  exhibited  at  Ihe 
University  of  Leyden.    To  render  it  mo.         ivenient  for  nse,  the 
aperture  of  the  glass  jar  or  phial  is  closed        some  Impeifect  eoD* 
ductor,  such  as  dry  wood,  through  the  col  ire  of  which  passes  a 
metallic  rod  that  communicates  with  the  tinfoil  in  the  Inside  of  thejtf. 
The  phial  is  electrified  or  charged  by  holding  the  outside  in  the  hnidi 
or  placing  it  on  the  ground,  while  the  metallic  rod  is  made  to  reeehre 
sparks  from  the  prime  conductor  of  an  electrical  machine.    If  the  jti 
is  insulated,  no  change  will  be  received,  or  at  least  very  slight  Indiea- 
tions  of  excitement  will  be  manifested.    By  arranging  a  number  of 
Leyden  phials  in  a  box  lined  with  tinfoil,  so  tiiat  they  may  lU 
communicate  freely  by  their  outer  surfaces,  and  Chen  Inii^gfaig  Mx 
inner  surfaces  into  communication  by  wires,  the  whole  series  may  be 
charged  and  discharged  in  the  same  manner  as  a  single  phial.    This  a^ 
raneement  is  known  by  the  name  of  electrical  battery. 

Some  of  the  phenomena  of  lightning  are  explained  on  the  prtadpte 
of  induced  electricity.  When,  for  instance,  a  negatively  electrined 
cloud  approaches  the  earth,  all  objects  in  its  vicinity  are  posMvsly 
excited ;  and  when  it  comes  within  what  is  called  the  9trikkig  dii- 
ianee,  that  is,  so  near  that  the  tendency  of  the  electricity  to  pass  fma 
the  positive  to  the  negative  body,  overcomes  the  resistance  of  (he 
intermediate  stratum  of  air,  the  equilibrium  is  restored  with  a  leport 
and  flash  of  light,  exactiy  as  in  the  discharge  of  a  Leyden  phiaL  A 
similar  effect  is  produced  by  an  electrified  cloud  on  other  doodi 
within  the  sphere  of  its  influence. 

The  passage  of  electricity  is  frequentiy  attended  with  the  prodne* 

tion  of  heat  and  light,  effects  which  invariably  ensue  when  It  meed 

with  an  impediment  to  its  progress,  as  in  passing  throng  an  ImpeffM 

conductor.    The  most  familiar  illustration  of  this  is  afforded  by  R> 

passage  though  the  air,  when  U  s^vea  ivm  lo  ai  eyafk  aecompiMBd 

with  a  peculua  snapping  nolae,  u  Vn  amsW  f^«n\Si^  \  ck  \&  w  '^• 

nomena  ofthnndtr  and  figbt^iig»  w\iQinVl  \ak«a\\%ie%  wk^VMfSbvsAfc 
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Ob  tte  eonlnry,  it  passes  along  perfect  conduetors,  soch  as  the  me- 
tals, without  any  perceptible  warmth  or  light,  provided  the  ettent  of 
tMr  sarface  is  in  proportion  to  the  quantity  of  electricity  to  be  trans- 
^tted  by  tliem;  but  if  the  charge  is  too  great  in  relation  to  the  ex- 
tant of  the  conducting  surface,  an  intense  degree  of  beat  will  be  pro- 
dsMd. 

-  Electricity  acts  with  surprising  energy  on  the  animal  system. 
When  ft  large  quantity  of  the  electric  fluid  passes  through  the  body, 
flbm  vital  functions  cease  on  the  Instant,  as  is  eirempli6ed  by  the 
■nmeimi  accidents  on  record  of  persons  being  killed  by  lightning. 
EwD'the  small  quantity  of  electricity  contained  in  a  Leyden  phial 
givM  ft  vnrv  poweHul  shock,  exciting  a  sudden  spasm  of  the  muscles 
along  wbicn  it  passes,  so  violent  as  to  produce  a  disagreeable  or  even 
pninnil  sensation.  The  shock  from  a  large  electrical  battery  is  much 
more  severe,  and  smaller  animals,  such  as  rabbits  and  fowls,  are  des- 
troyed 1^  Its  action. 

It  Is  veiy  important,  in  conducting  electrical  experiments,  to  possess 
an  easy  method  of  discovering  when  any  substance  is  electriiied,  of 
aaeeilaining  its  intensity  or  the  degree  to  which  it  is  excited,  and  dis- 
tingoishing  the  kind  of  excitement.    The  mode  of  effecting  these  ob- 
jects is  founded  on  electrical  attraction  and  repulsion,  and  the  in- 
straments  employed  for  the  purpose  are  called  Eleetroaeopea  and 
Electrometers,  the  latter  denoting  the  intensity  of  electricity,  the  for- 
mer merely  indicating  excitement,  and  the  electrical  state  by  which  it 
ia  produced.    The  term  electrometer,  however,  is  often  indiscrimi- 
nately applied  to  all  such  instruments,  since  the  methods  of  ascertain- 
ing the  kind  of  excitement  give  at  the  same  time  some  idea  of  its  in- 
tensity.   A  body  is  known  to  be  excited  by  its  power  of  attracting 
light  substances,  and  a  small  ball  made  of  the  pith  of  elder,  suspended 
on  a  silk  thread,  affords  a  convenient  material  far  the  experiment. 
Another  mode  of  acquiring  the  same  information  is  by  means  of  two 
pith  balls  suspended  from  the  same  point  by  silk  threads  of  equal 
length.    When  all  the  surrounding  objects  are  uncxcited,  the  pith  balls 
remain  in  contact;  but  on  the  approach  of  any  electrified  body,  the  two 
balls  are  excited  by  induction,  and,  having  the  same  electricity,  diverge 
or  retreat  from  each  other.    A  more  delicate  contrivance,  but  of  a 
similar  kind,  was  invented  by  Mr  Bennett,  and  is  known  by  the  name 
of  the  Gold  Leaf  Electrometer,    It  consists  essentially  of  a  cylindri- 
cal glass  bottle,  with  its  aperture  closed  by  a  brass  plate,  from  the  cen- 
tre of  which  two  slips  of  gold  leaf,  are  suspended. 
The  brass  plate,  with  its  slips  of  gold  leaf,  are  thus  in- 
sulated, and  the  latter  prevented  from  being  moved 
by  currents  of  air  by  the  glass  with  which  they  are 
surrounded.     The  approach  of  any  electrified  body, 
even  though  feebly  excited,  to  the  brass  plate,  is  im- 
mediately detected  Uy  the  divergence  of  the  loaves. 
In  the  annexed  wood-cut  this  electrometer  is  exhibit- 
ed with  its  leaves  in  a  state  of  divergence. 

Avery  simple  method  of  distinguishing  the  kind  of  excitement  is 
the  following.  If  a  piece  of  white  silk  be  drawn  a  few  times  rapidly 
between  the  fingers,  it  will  become  negative  ;  and  if  in  this  state  it  is 
suspended  in  the  air,  it  will  be  attracted  by  a  body  positively  excited, 
and  repelled  by  one  which  is  negative.  When  rubbed  on  black  cloth 
(be  silk  is  rendered  positive,  and  will  then  of  course  leUe^kl  ^rQ\a.^ 
mbsteBctf  simihriy  electriBed,  and  be  attracted  by  one  In  9iti  ovrf^^l 
4flife.    Tbe  indieaiiooB  of  the  gold  leaf  electrometer  are  8lW\  mjf 
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cate.  If  the  leavei  are  divei^ing  with  positive  electricity,  the  ap- 
proach of  a  positively  excited  body  to  the  brass  plate  increases  the  m* 
▼erf^Dce ;  because  the  electric  equilibrium  is  immediately  disturbed, 
and  while  the  plate  becomes  negative,  the  gold  leaves  acquire  a  stUI 
greater  degree  ofelectricity.  The  approach  of  a  negatively  eicitedbody 
would  of  course  be  productive  of  a  change' precisely  opposite,  and  the 
divergence,  if  produced  by  positive  electricity,  would  be  diminislied, 
or  even  entirely  destroyed.  To  prepare  the  electrometer  for  an  ob- 
servation, it  is  however  necessary  to  communicate  to  it  a  Icnown  state 
of  eicitement.  This  may  be  done  by  touching  the  electrometer  with 
an  electrified  body,  such  as  an  excited  glass  tube  or  stick  of  sealiof' 
wax,  when  the  whole  metallic  surface  of  the  electrometer  is  eleetn- 
fied  in  ^e  same  manner  as  the  substance  by  which  it  was  touched. 
A  more  convenient  method  is  to  communicate  electricity  permanenflf 
by  induction.  Thus,  on  placing  a  negatively  excited  body,  as  for  ex- 
ample a  stick  of  sealing-wax  after  friction  on  woollen  cloth,  near  tlie 
brass  plate  of  the  electrometer,  the  electric  equilibrium  of  its  whole 
metallic  surface  is  disturbed  ;  the  brass  plate  becomes  positive,  and  the 
slips  of  gold  leaf  diverge  from  being  negative.  On  withdrawing  the 
sealing-wax,  the  excess  of  electricity  accumulated  on  the  plate  re- 
turns to  the  leaves,  and  the  equilibrium  is  restored  ;  but  if,  while  the 
sealing-wax  is  near  the  top  of  the  instrument,  the  plate  is  touched  with 
the  finger,  a  portion  of  electricity  is  supplied  to  the  gold  leaves  from 
the  earth,  and  the  divergence  ceases  more  or  less  completely,  while 
the  excess  of  electricity  is  preserved  on  the  plate  by  the  vicinity  of 
the  sealing-wax.  On  removing  first  the  finger  and  then  the  sealkig- 
wax,  the  brass  is  left  with  an  excess  of  electricity,  which  extenSi 
over  the  whole  metallic  surface  of  the  electrometer,  and  thus  pro- 
duces a  divergence  which  continues  for  a  considerable  time,  if  tbeghM 
is  dry,  and  the  atmosphere  moderately  free  from  moisture. 

The  electrometer  most  frequently  employed  for  estimating  the  in- 
tensity of  electricity  is  that  shown  in  the  annexed  wood  cut,  invented 
by  Mr  Henley,  and  commonly  called  the  quadrant 
electrometer.  It  consists  of  a  smooth  round  stem  of 
wood  a  b,  about  seven  inches  long,  terminated  above 
by  a  ball,  immediately  below  which,  and  projecting 
from  the  side  of  the  stem,  is  attached  a  semicircular 
piece  of  ivory.  In  the  centre  c  of  the  semicircle  is 
fixed  a  pin,  from  which  is  suspended,  to  serve  as  an 
index,  a  slender  piece  of  WQod  or  cane  d  e,  four  in- 
ches in  length,  and  terminated  by  a  small  ball.  When 
the  apparatus  is  screwed  on  the  prime  conductor,  or 
placed  on  any  electrified  body,  it  indicates  the  in- 
tensity of  the  electricity  by  the  extent  to  which  the 
index  is  repelled  by  the  stem.  In  order  to  mark  the 
divergence  accurately,  the  lower  half  of  the  semicircle, 
whicn  is  traversed  by  the  index,  is  divided  into  90 
equal  parts  or  degrees.  But  this  instrument  is  not  well  adapted  to  re- 
searches of  delicacy.  The  only  electrometer  suited  for  such  purposes 
is  the  electrical  balance  invented  by  Coulomb,  which  measures  the 
intensity  of  an  excited  body  by  its  power  oftwisting  a  thread  of  silk  or 
a  fine  metallic  wire. 

In  some  of  the  preceding  remarks  a  term  has  been  employed,  which 

perhaps  will  not  be  understood  without  an  explanation.    By  electric 

tension  or  intennty  is  meant  that  slate  of  a  body  which  is  estimated 

by  an  electrometer.     When  a  body  acla  teeVA^  on  ^\^«  ^^cVn^tMJtflt 

itBiDtenaity  ia  low,  and  it  differs  bul\\U\e  \ioiii\Va u^Voia^ iVtNAV 
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contrary  if  it  affects  the  electrometer  powerfully,  its  electric 

is  great.    The  higher  the  iDtensity  of  a  body,  the  more  It  is 

from  its  qatural  state,  and  the  greater  its  tendency  to  return 

uilibrium.    Intensity  is  distinct  from  qwmtiiy  of  electricity. 

ensity  is  not  dependent  on  quantity  alone,  is  proTed  by  Uie 

of  a  charged  Ley  den  phial   being  equal  to  that  of  a  large 

containing  twenty  times  more  electricity.    The  tension  ap- 

depend  on  the  quantity  of  electricity  accumulated  or  den- 

ft  given  space ;  so  that  the  intensity  of  those  substances  is 

which  have  the  greatest  excess  or  deficiency  of  electricity  in 

in  to  their  surface. 

icity  appears  to  diffuse  itself  over  the  surface  of  bodies,  and 
tity  contained  on  the  same  substance,  all  other  circumstances 
e  same,  depends  on  the  extent  of  surface,  and  is  not  con- 
rith  quantity  of  matter.  Thus  a  solid  sphere  of  brass  cannot 
nore  electricity  than  a  hollow  sphere  of  the  same  diameter. 


SECTION  IV. 

GALVANISM. 

cience  of  Galvanism  owes  its  name  aiid  origin  to  the  ezperi- 
1  animal  irritability  made  by  Galvani,  Professor  of  Anatomy  at 
,  in  the  year  1790.  In  the  course  of  the  Investigation  he  dis- 
the  fact,  that  muscular  contractions  are  excited  m  the  leg  of  a 
BDtly  killed,  when  two  metals,  such  as  zinc  and  silver,  one  of 
ouches  the  crural  nerve,  and  the  other  the  muscles  to  which  it 
buted,  are  brought  into  contact  with  one  another.  Galvani 
d  that  the  phenomena  are  owing  to  electricity  present  in  the 
,  and  that  the  metals  only  serve  the  purpose  of  a  conductor. 
:eived  that  the  animal  electricity  originates  in  the  brain,  is 
ed  to  every  part  of  the  system,  and  resides  particularly  in  the 
He  was  of  opinion  that  the  different  parts  of  each  muscular 
in  opposite  states  of  electrical  excitement,  like  the  two  sur- 
a  charged  Leyden  phial,  and  that  contractions 'take  place 
sr  the  electric  equilibrium  is  restored.  This  he  supposed  to 
ed  during  life  though  the  medium  of  the  nerves,  and  to  have 
»duced  in  his  experiments  by  the  intervention  of  metallic  con- 

iews  of  Galvani  had  several  opponents,  one  of  whom,  the 
id  Volta,  Professor  of  Natural  Philosophy  at  Pavia,  succeeded 
Dg  ont  their  fallacy.    Volta  maintained  that  the  electricity  is 
by  the  contact  of  the  metals;  that  the  animal  substances 
ict  as  conductors  in  restoring  the  electric  equilibrium  at  the 
of  its  being  disturbed ;  and   that  the  contraction  is  pro- 
f  the  stimulus  arising  from  the  passage  of  electricity  along  the 
nd  muscular  fibres.    He  proved  that  electricity  is  excited  in 
he  supposed,  by  bringing  plates  of  different  metals,  such  as 
silver,  in  contact  with  one  another,  and  examining  their  elec- 
ite  at  the  moment  of  separation  by  means  of  a  delicate  electro- 
For   this  purpose,  it  is  necessaiy  to  insuVate  tiiX^Yi  ^l  i^^ 
dheg,  by  mpporting  them  on  a  handle  of  gVaftg  oi  Tmtk.    Otl 
\m  precButioD,  it  waa  found  (hat  both  the  metiAft  ue  QiLc\Vft^< 
DegBtively,  and  the  zinc  positively. 
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As  the  qntntlty  of  electricity  excited  by  any  two  mettlt  is  smill, 
Volta  endeavoured  to  increase  the  eflfect  by  employing  several  pain 
of  metalit,  connecting  them  in  such  a  manner  that  the  electricity  ei- 
cited  by  each  pair  should  be  diffused  throuf^h  the  whole  series;  and 
this  attempt  led  him  to  the  construction  of  the  Voltaic  pile,  a  descrip- 
tion of  which  was  published  in  the  Philosophical  Transactions  for  1800. 
It  consists  of  any  number  of  pairs  of  zinc  and  copper,  or  zinc  and 
silver  plates,  each  pair  being  separated  from  the  adjoining  ones  bf 
pieces  of  cloth,  nearly  of  the  same  size  as  the  plates,  and  moistened 
in  a  saturated  solution  of  salt.  The  relative  position  of  the  metab  i|i 
each  pair  must  be  the  same  in  the  whole  series ;  that  is,  if  the  copper 
is  placed  below  the  zinc  in  the  first  combination,  the  same  order  miut 
be  preserved  in  all  the  others.  The  pile,  as  shown  in  the 
figure  is  contained  in  a  proper  frame,  formed  of  glass 
pillars,  fixed  into  a  piece  of  thick  wood,  which  both 
supports  and  insulates  it. 

The  apparatus  so  formed  Is  in  the  same  state  of  excite- 
ment as  the  insulated  metallic  discs  after  contact,  and 
affects  the  electrometer  and  excites  muscular  contrac- 
tions in  a  similar  manner,  but  in  a  much  greater  degree. 
The  opposite  ends  of  the  pile  are  also  differently  excit- 
ed, the  side  which  begins  with  a  zinc  plate  being 
positive  and  the  other  negative ;  and  hen^e  when  they 
are  made  to  communicate  by  means  of  a  good  conduc- 
tor, electricity  must  pass  from  the  one  to  the  other,  preciselv  as  ii 
supposed  to  happen  in  the  discharge  of  a  Leyden  phial.  But  the  ap- 
paratus is  not  thereby  rendered  inactive ;  for  as  the  conditions  which 
originally  excited  it  are  still  maintained,  the  equilibrium  is  no  sooner 
xestored  than  it  is  again  disturbed,  and  therefore  a  continued  current 
must  pass  from  one  end  or  pole  to  the  other  along  the  wire  by  wbidi 
they  are  connected. 

The  Voltaic  pile  is  now  rarely  employed,  because  we  possess  other 
modes  of  forming  galvanic  combinations  which  are  far  more  powerfdl 
and  convenient.  The  galvanic  battery,  proposed  by  Mr  CruiekshinlE, 
and  represented  in  the  annexed  cut,  consists  of  a  trough  of  baked 
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wood,  about  thirty  inches  long,  in  which  are  placed  at  equal  dtstaneei, 
fifty  pairs  of  zinc  and  copper  plates  previously  soldered  together,  and 
so  arranged  that  the  same  metal  shall  always  be  on  the  same  side. 
Each  pair  is  fixed  in  a  groove  cut  in  the  sides  and  bottom  of  the  boi, 
the  points  of  junction  being  made  water-tight  by  cement.  The  ap- 
paratus thus  constructed  is  always  ready  for  use,  and  is  brought  into 
action  by  filling  the  cells  left  between  the  pairs  of  plates  with  fone 
convenient  solution,  which  serves  the  same  purpose  as  the  moistened 
cloth  in  the  pile  of  Volta. 

Other  moA^B  of  construction  are  now  in  use  which  facilitate  the 
employment  of  the  galvanic  apparalus,  atiA  \wt»t«^««  \\»  ^nQccy*    The 
trQugb,  made  either  pf  bake4  wood  or  n^Uied  ^^t\9ci«w^amo^  ^"(M 
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Dto  partilioDS  of  the  same  material.  Each  cell  contalnt  a  plate  of 
;ine  aad  another  of  copper,  which  do  not  touch  each  other,  but  com- 
Qonicate  merely  throu|;h  the  medium  of  the  fluid  in  which  they 
re  Immersed.  The  zinc  plate  of  one  cell  is  connected  with  the 
opper  of  the  adjoining  one  by  means  of  a  slip  of  copper. .  All  the 
•latesare  attached  to  a  piece  of  wood,  and  may  thus  be  introduced  into 
he  liquid  of  the  trough,  or  removed  from  it  at  pleasure.  This  method 
fas  suggested  b^  the  Couronne  de  Tasses  of  Volta,  an  arrangement 
thich  was  described  by  him,  together  with  his  pile,  in  the  paper 
ilready  aJluded  to.  It  consists  of  cups  or  glasses  placed  in  a  line,  and 
rootaioing  the  fluid  for  exciting  the  plates.  Each  glass,  except  the 
ixtreme  ones,  contains  a  plate  of  zinc,  Z,  and  a  plate  of  copper  or 
iker,  C ;  and  each  zinc  plate  is  attached  to  the  copper  of  the  adjoin- 
Dg  glass  by  a  metallic  wire,  as  represented  in  the  figure. 


tn  batteries  of  this  construction  the  development  of  electricity  is 
lot  produced  by  direct  contact,  but  by  the  proximity  of  the  plates 
rhile  separated  by  an  imperfect  conductor.  The  connection  between 
be  zinc  of  one  cell  and  the  copper  of  the  adjoining  one,  is  to  afford 

passage  for  electricity  from  one  member  of  the  series  to  another, 
n  additional  improvement  was  suggested  by  Dr  Wollaston,  (see  Mr 
hildren's  paper  in  the  Philos.  Trans,  for  1S15),  who  recommends 
lat  each  cell  shall  contain  one  zinc  and  two  copper  plates,  so  that 
>th  surfaces  of  the  first  metal  may  be  opposed  to  one  of  the  second. 
)  consequence  of  this  arrangement,  the  plates  of  copper  communicate 
ith  each  other,  and  the  zinc  between  them  with  the  copper  of  the 
ijoining  cell.  An  increase  of  one  half  the  power  is  said  to  be  ob- 
lined  by  this  method. 

The  size  and  number  of  the  plates  may  be  varied  at  pleasure.  The 
Tgest  battery  ever  made  is  that  of  Mr  Children,  described  in  the  pa- 
er  above  referred  to,  the  plates  of  which  are  six  feet  long,  and  two 
set  eight  inches  broad.  The  common  and  most  convenient  size  for 
le  plates  is  four  or  six  inches  square  ;  and  when  great  power  is  re- 
aired,  a  number  of  different  batteries  are  united  by  establishing  a 
letallic  communication  between  the  positive  pole  of  one  battery  and 
le  negative  pole  of  the  adjoining  one.  The  great  battery  of  the 
kOyal  Institution  is  composed  of  2000  pairs  of  plates,  each  plate  hav- 
)g  32  square  inches  of  surface.  It  was  by  this  that  Sir  H.  Davy 
fiB  enabled  to  effect  the  decomposition  and  determine  the  constitu- 
on  of  the  alkalies,  a  discovery  which  has  at  once  extended  so  much 
be  bounds  of  chemical  science,  and  conferred  immortal  honour  on 
tie  name  of  the  discoverer. 

When  a  Voltaic  battery  is  in  operation,  chemical  changes  always 
»ecQr  between  the  liquid  of  the  cells,  and  one  of  the  metals  with 
rhich  it  is  in  contact.  And  these  changes  have  been  observed  to  be 
0  constant,  and  so  intimately  associated  with  some  of  the  most 
emarkable  effects  of  the  pile,  that  they  have  been  thought  by  some 
tbilosopbers  to  be  essential  to  the  phenomena  of  galvanism.  In 
aTour  of  this  opinion  very  strong  arguments  have  been  adduced, 
rhe  energy  [of  a  trattery  in  producing  chemical  decompoaiUoii  e^tV^uA^^ 
lepends  on  the  oaiure  of  the  liquid  con  tained  in  its  cells.    TYiUS  yiYi^ii 
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they  are  filled  with  pure  water,  the  decomposing  power  is  veiy 
feeble ;  but  even  then  the  surface  of  the  zinc  is  gradually  corroded. 
A  saline  solution  increases  the  chemical  energy  of  the  battery,  and  at 
the  same  time  the  oxidation  of  the  zinc  is  more  rapid  than  with  pore 
water.  An  acid  corrodes  the  zinc  with  still  greater  rapidity,  and  pro- 
portionally augments  the  power  of  the  battery  in  effecting  decompori- 
tion.  It  is  established,  however,  that  the  electrical  effects  are  net 
proportional  to  the  chemical  changes  going  on  in  tHie  battery  i  and  it 
is  a  queation,  which  will  be  considered  in  the  sequel  of  this  seetioD, 
how  tar  these  phenomena  are  necessarily  connected  witii  each  other. 
In  constructing  a  galvanic  battery,  each  member  of  the  seriea  mMt 
consist  either  of  one  imperfect  and  two  perfect  conductors,  or  of  oaa 
perfect  and  two  imperfect  In  his  Bakerian  Lectnre  for  1826*  Sir 
H.  Davy  has  given  the  following  list  of  the  first  kind  of  Voltaic  ir- 
rangements,  the  imperfect  conductor  being  either  the  common  addf, 
alkaline  solutions,  or  solutions  of  the  hydrosulphurets.  The  metal 
first  mentioned  is  positive  to  all  those  below  it  in  the  scale. 

With  common  Acid$, 

Potassium  and  its  amalgams,  barium  and  its  amalgams,  amalgam  of 
zinc,  zinc,  amalgam  of  ammonium?  cadmium,  tin,  iron,  Usmnth, 
antimony  ?  lead,  copper,  silver,  palladium,  tellurium,  gold,  cfaiicoel, 
platinum,  iridium,  rhodium. 

With  Mkaline  Solutions. 

The  alkaline  metals  and  their  amalgams,  zinc,  tin,  lead,  copper, 
iron,  silver,  palladium,  gold,  platinum,  &c. 

With  Solutions  of  Hydrosulphurets. 

Zinc,  tin,  copper,  iron,  bismuth,  silver,  platinum,  palladlnm,  gold, 
charcoal. 

The  following  table  of  Voltaic  arrangements  of  the  second  kind  is 
from  Sir  H.  Davy's  Elements  of  Chemical  Philosophy : 

Table  of  some  Electrical  Arrangements^  consisting  of  otie  ConiU€' 
tor  and  two  imperfect  Conductors. 

Nitric  Acid 
Sulphuric  Acid 
Muriatic  Acid 
Any  solution  con- 
taining Add. 


In  all  combinations  in  which  the  fluids  act  chemically  by  affording 
oxygen,  the  positive  pole  is  always  attached  to  the  metal  which  hti 
the  strongest  affinity  for  oxygen ;  but  when  the  fluid  menstrua  iflford 
sulphur  to  the  metals,  the  metal  which  has  the  strongest  affinity  fof 
sulphur  will  be  positive.  Thus,  in  a  series  of  copper  and  iron  plattf 
introduced  into  a  porcelain  trough,  the  cells  of  which  are  filled  witb 
water  or  acid  solutions,  tlie  iron  is  positive,  and  the  copper  negative; 
but  when  the  cells  are  filled  with  solution  of  sulphur  and  potassa*  the 
copper  is  positive,  and  the  iron  negative. 


Solution  of  Sulphur  and  Potassa 

Copper 

Potassa 

Silver 

Soda 

Lead 

Tin 

Zinc 

Other  Metals 

Charcoal 

*  Philosophical  Tcansacllotia  tox  l^'iA.   '^a.tVViV 
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In  ill  comhioatioDB  in  which  one  metal  is  concerned,  the  surface  op- 
posite to  the  acid  is  negative,  and  that  in  contact  with  the  solution 
of  alkali  and  sulphur,  or  of  alkali,  is  positive.  (Elements  of  Chemi- 
cal Philosophy.) 

The  more  remarkable  effects  of  the  galvanic  battery  may  be  con- 
reniently  considered  under  three  heads.  1st,  Its  electrical  effects ;  2d, 
Iti  cbeoiica]  agency ;  and  3d,  its  action  on  the  magnet. 

I.  Under  the  first  head  are  included  all  those  effects  of  the  battery 
■rbich  resemble  the  usual  phenomena  produced  by  the  electrical  ma- 
chine.    When  a  wire  attached  to  the  zinc  or  positive  side  of  a  Voltaic 
battery  is  made  to  communicate  with  Bennett's  electrometer,  the 
gold  leaves  diverge  with  positive  electricity,  and  a  wire  from  the 
negative  side  produces  an  effect  precisely  opposite.    But  in  order  that 
these  phenomena  should  ensue,  the  two  wires  must  not  touch  each 
other;  for  in  that  case  an  electric  current  would  be  established  along 
the  wires,  and  the  tension  cease.     When  wires  connected  with  the 
opposite  poles  or  sides  of  an  active  galvanic  trough  are  brought  near 
each  other,  a  spark  is  seen  to  pass  between  them ;  and  on  establish- 
mg  the  communication  by  means  of  the  hands  previously  moistened, 
a  distinct  shock  is  perceived.    These  effects  are  rendered  more  con- 
micuous  by  connecting  one  of  the  wires  with  the  inner  surface,  and 
the  other  with  the  outside  of  a  Leyden  phial  or  battery,  when  suc- 
cessive charges  will  be  received,  by  means  of  which  all  the  ordinary 
electrical  experiments  may  be  exhibited.    On  connecting  the  opposite 
ends  of  a  sufficiently  powerful  battery  by  means  of  fine  metallic  wires 
or  slender  pieces  of  charcoal,  these  conductors  become  intensely 
heated,  the  wires  even  of  the  most  refractory  metals  are  fused,  and  a 
vivid  white  light  appears  at  the  points  of  the  charcoal,  equal  if  not 
superior  in  intensity  to  that  emitted  during  the  burning  of  phosphorus 
in  oxygen  gas ;  and  as  this  phenomenon  takes  place  in  an  atmosphere 
void  of  oxygen,  or  even  under  the  surface  of  water,  it  manifestly  can- 
not be  ascribed  to  combustion.    If  the  communication  be  established 
by  metallic  leaves,  the  metals  bum  with  vivid  scintillations.    Gold 
leaf  bums  with  a  white  light  tinged  with  blue,  and  yields  a  dark  brown 
oxide ;  and  the  light  emitted  by  silver  is  exceedingly  brilliant,  and  of 
an  emerald  green  colour.     Copper  emits  a  bluish  white  light  attended 
with  red  sparks,  lead  a  beautiful  purple  light,  and  sine  a  brilliant  white 
light  inclining  to  blue,  and  fringed  with  red.   (Singer.)     The  pro- 
perties above  enumerated  naturally  give  rise  to  the  belief,  that  the 
agent  or  power  exited  by  the  Voltaic  apparatus  is  identical  with  that 
which  is  called  into  activity  by  the  electrical  machine;  and  the  ar- 
guments in  favour  of  this  opinion  seem  quite  satisfactory.     For  not 
only  may  all  the  common   electrical  experiments  be  performed  by 
means  of  galvanism,  but  it  has  been  shown  by  Dr  Wollaston  (Phil. 
Trans,  for  1801)  that  the  chemical  effects  of  the  galvanic  battery  may 
be  produced  by  electricity. 

The  conditions  required  for  producing  the  electrical  effects  of  the 
Voltaic  battery  are  different.     Some  phenomena  are  dependent  alto- 
gether on  the  electric  intensity  of   the  apparatus ;   for  others  both 
quantity  and  intensity  are  essential ;  and  for  the  production  of  other 
effects  the  passage  of  a  large  quantity  of  electricity  is  alone  required. 
The  electric  tension  of  a  battery  depends  chiefly  on  the  number  of  the 
series,  and  comparatively  little  either  on  the  size  of^the  pUlea,  Ci\  V\\?i 
fluid  by  which  they  are  excited;  whereas  all  these  ccTidUxoTvaYvsi'^^i^ 
material  influence  over  the  quantity  of  electricUv.    'Wheu'W.  \^  ^\^^^ 
to  procure  a  high  degree  of  tension,  a  great  numbct  ol  &\v\iX\  ^\8A»* 
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nd  the  cell*  filled  with  water.    On  the  contaaj, 
Mricity  i^  the  chief  object,  great  extent 
e  individual  plates  should  be  of  large  siu,  wi 
vhich  proinotcs  the  object,  partly  by  prodooi 
,  and  partly  by  serving  as  a  more  perfect  c» 
ftohitions  of  neutral  salts. 
;lcctric»l  attraction  and  repulsion  arises  fiomli- 
)f  (juantity  of  electric  fluid,  it  is  manifest  tbitH 
cd  solely  by  the  tension  of  a  battery,  and  loiH 
>grce.     For  acting  on  the  electrometer,  therelw, 
It  small  plates  it*  peculiarly  suited  ;  their  size  VBii 
r  two  inches  square.    Mr  Singer,  in  his  Treitti 
ilvanisin,  stated,  that  common  river  water  is  iki 
ting  a  battery  of  this  kind,  and  that  the  addltiil 
er  even  diniinishcH  the  intensity.     He  found  that 
;ed  will  retain  its  activity  for  months. 
arks,   charging  an   electrical  battery,   or  giviB| 
and  ({uantity  of  electricity  are  desirable:  aadtlH 
ur  Nuch  purposes  Khould  have  a  numerous  sciiei 
icIioM  s([uaie,  and  he  excited  with  dilute  acid.   In 
if,  fusing  wire,  and    igniting   charcoal,  a  \vp 
y  is  tho  only  r(>r|uisite.     Tho  phenomena  leeB 
c:tiicity  passing;  alung  these  substances  with  diffi* 
c  which,  as  pcrloct  conductors  arc  used,  can  only 
uantity  to  be  transmitted  is  out  of  proportion  to 
c  over  which  it  has  to  pasH.     It  is  therefore  ao 
lar^e  a  (|uantity  of  electricity  in  a  given  time  as 

purpose  a  few  laif;e  plates  answer  hotter  than  a 
es.  A  strong  nricl  solution  should  also  be  used; 
on,  thouirh  of  short  duration,  is  more  important 

of  ^reat«;r  |jernian«:nce.  A  mixture  of  fourteeo 
vater  to  one  of  nitrous  acid  is  applicable';  or  for 
,  a  mixture  oi  one  part  of  nitrous  to  two  parts  of 
l)C  .''uh-^tltutcd  lor  pure  nitrous  aciil.  The  largi 
lien,  thouiijh  Ciipable  of  fusing  several  feet  of 
n  electiic  tension  so  feeble,  that  it  did  not  affect 
e  eiectromeler,  ^ave  a  shock  scarcely  proccptible 
4  weie  moist,  c<uiirrumic;ited  no  charpe  to  a  Ley* 
not  produce  chemical  decomposition*. 
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ached  a  very  ingenious  theory  to  account  for  the 
'anic  action.  He  does  not  consider  it  piobable 
ted  by  galvanic  combinations  is  the  effect  of  the 
passing  with  difiicuity  along  conductors,  in  coo- 
itity  to  be  transmitted  being  out  of  proportion  to 
faces  over  which  it  has  to  pass.  On  the  contrary, 
oric,  like  electricity,  is  an  original  product  of 
cording  to  his  views,  the  relative  proportion  of  the 
!d  depends  upon  the  construction  of  the  apparatus, 
proportion  to  the  extent  of  the  generating  sur- 
dity to  the  number  of  the  series.  In  the  case  of 
be  size  and  number  of  the  plates  are  very  confi- 
ity  and  caloric  are  presumed  by  him  to  be  genera- 
1.  When  the  number  of  the  plates  is  very  great, 
"Vant,  as  in  De  Luc's  column,  electricity  is  (he 
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be  chemical  agency  of  the  Voltaic  apparatus,  to  which  chem- 
indebted  for  their  most  powerful  iostrumeut  of  analysis,  was 
ed  by  Messrs  Carlisle  and  Nicholson,  soon  after  the  inven- 
i  made  known  in  this  country.  The  substance  first  decom- 
r  it  was  water.  When  two  gold  or  platinum  wires  are  con- 
vith  the  opposite  poles  of  a  battery,  and  their  free  extremities 
red  into  the  same  cup  of  water,  but  without  touching  each 
ydrogen  gas  is  disengaged  at  the  negative  wire,  and  oxyeen 
»sitive  side.  By  collecting  the  gases  in  separate  tubes  as  they 
they  are  found  to  be  quite  pure,  and  in  the  exact  proportion 
measures  of  hydrogen  to  one  of  oxygen.  When  wires  of  a 
idable  metal  are  employed,  the  result  is  somewhat  different, 
rogen  gas  appears  as  usual  at  the  negative  pole  ;  but  the  oxy- 
tead  of  escaping,  combines  with  the  metal,  and  converts  it 
ixide. 

important  discovery  led  many  able  experimenters  to  make 
rials.  Other  compound  bodies,  such  as  acids  and  salts,  were 
to  the  action  of  galvanism,  and  all  of  them  were  decomposed 
exception,  one  of  their  elements  appearing  at  one  side  of  the 
and  the  other  at  its  opposite  extremity.  An  exact  uniformity 
ircumstances  attending  the  decomposition  was  also  remarked. 
1  decomposing  water  or  other  compounds,  the  same  kind  of 
IB  always  disengaged  at  the  same  side  of  the  battery.  The 
inflammable  substances  in  general,  the  alkalies,  earths,  and 
es  of  the  common  metals,  were  found  at  the  negative  pole; 
cygen,  chlorine,  and  the  acids,  went  over  to  the  positive  sur- 

rforming  some  of  these  experiments.  Sir  H.  Davy  observed, 
he  conducting  wires  were  plunged  into  separate  vessels  or 
made  tu  communicate  by  some  moist  fibres  of  cotton  or 
lus,  the  two  gases  were  still  disengaged  in  their  usual  order, 
Irogen  in  one  vessel,  and  the  oxygen  in  the  other,  just  as  if  the 
ad  been  immersed  into  the  same  portion  of  that  liquid.  This 
-  hot,  and  another  of  the  like  kind  observed  by  Hisinger  and 
IS,  induced  him  to  operate  in  the  same  way  with  other  com- 
and  thus  gave  rise  to  his  celebrated  experiments  on  the  Irans- 
lemical  substances  from  one  vessel  to  another,  detailed  in  the 
phical  Transactions  for  1807.    Two  agate  cups,  N  and  P, 


»duct ;  and  conversely,  where  the  size  is  very  great  and  the 
of  the  series  small,  caloric  is  abundantly  produced,  and  the 
il  effects  are  nearly  null.  Following  up  (his  idea,  Dr  Hare 
:ted  an  instrument,  consisting  of  very  large  plates,  in  which  the 
,  being  only  one  pair,  was  as  small  as  the  nature  of  the  case 
idmit  of,  with  the  expectation  that  such  a  construction  would 
}  caloric  exclusively.  The  result  answered  his  expectations, 
instrument,  from  its  peculiar  powers,  was  denominated  by  the 
r  a  Calorimotor  ox  mover  of  heat,  (Hare's  Chemical  Com- 
1. — Appendix.)  Subsequently  Dr  Hare  constructed  another 
;  apparatus  of  peculiar  construction,  to  which  he  has  affixed  the 
f  Deflagrator.  This  instrument  is  more  powerful  than  any 
I  arrangement  heretofore  contrived,  not  even  excepting  the 
ittery  of  Mr  Children.  For  an  account  of  the  effects  of  this 
snt,  and  the  theory  of  its  construction,  the  r^^kdei  \«  i^l^n^^  Vcv 
9*3  papers,  published  in  SiHim&n'a  Journal.    B. 
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! 
were  employed  ii\  them,  the  first  communicating  with  the  oegatlfe, 
the  second  with  the  positive  pole  of  the  battery,  and  connected  to- 
gether by  moistened  amianthus.  On  putting  a  solution  of  sulphate  of 
potassa  or  soda  into  N,  and  distilled  water  into  P,  the  acid  very  soon 
passed  over  to  the  latter,  while  the  liquid  in  (he  former,  which  was  tt 
first  neutral,  became  distinctly  alkaline.  The  process  was  reversed  by 
placing  the  saline  solution  in  P,  and  the  distilled  water  in  N,  when 
the  alkali  went  over  to  the  negative  cup,  leaving  free  acid  id  tlie 
positive.  That  the  acid  in  the  first  experiment,  and  the  iMse  ia 
the  second,  -  actually  passed  along  the  amianthus,  was  obviooi; 
for  on  one  occasion,  when  nitrate  of  silver  was  substituted  for  the 
sulphate  of  potassa,  the  amianthus  leading  to  N  was  coated  with  a 
film  of  metal.  A  similar  transfer  may  be  effected  by  putting  distifled 
water  into  N  and  P,  and  a  saline  solution  in  a  third  cup  placed  be* 
tween  the  two  others,  and  connected  with  each  by  moistened  amian" 
thus.  In  a  short  time  the  acid  of  the  salt  appears  in  P^  and  the  alkali 
inN. 

The  galvanic  action  not  only  separates  the  elements  of  compoond 
bodies,  hut  suspends  the  operation  of  affinity  so  entirely  as  to  enaltle 
an  acid  to  pass  though  an  alkaKne  solution,  or  an  alkali  through  water 
containing  a  free  acid,  without  combination  taking  place  between 
them.  The  three  cups  being  arranged  as  in  the  last  experiment.  Sir  H. 
Davy  put  a  solution  of  sulphate  of  potassa  in  N,  pure  water  in  P* 
and  a  weak  solution  of  ammonia  in  the  intermediate  cup,  so  that  no 
sulphuric  acid  could  find  its  way  to  the  distilled  water  in  P  without 
passing  through  the  ammoniacal  liquid  on  its  passage.  A  battery 
composed  of  150  pairs  Of  4'inch  plates  was  set  in  action,  and  in  five 
minutes  free  acid  appeared  at  the  positive  pole.  Muriatic  and  nitric 
acids  were  in  like  manner  made  to  pass  through  strong  alkaline  eola- 
tions; and  on  reversing  the  experiment,  alkalies  were  transmitted 
directly  through  acid  liquids  without  entering  into  combination  with 
them. 

The  analogy  between  the  preceding  phenomena  and  the  attiactioos 
and  repulsions  exerted  by  ordinary  electricity  is  too  close  to  escape 
observation.  If  an  acid  or  an  alkali  pass  from  one  vessel  to  another 
in  opposition  to  gravity  and  chemical  affinity,  it  is  clear  that  this 
singular  phenomenon  must  arise  from  the  substance  so  transferred  be- 
ing under  the  influence  of  a  still  stronger  attraction ;  and  the  only 
power  to  which  such  an  effect  can  in  the  present  case  be  attributed, 
is  electricity.  Now,  in  all  instances  of  common  electrical  attraction, 
the  bodies  attract  one  another  in  consequence  of  being  in  opposite 
states  of  excitement ;  and,  in  like  manner,  the  tendency  of  acids  to- 
wards the  zinc,  and  of  alkalies  towards  the  copper  extremity  of  the 
Voltaic  apparatus,  can  be  explained,  consistently  with  our  present 
knowledge,  only  on  the  supposition  that  the  former  are  negatively, 
and  the  latter  positively  electric,  at  the  moment  of  being  separate 
from  one  another.  To  account  for  the  elements  of  compounds  be- 
ing in  such  a  state,  a  peculiar  hypothesis  was  advanced  by  Sir  H. 
Davy,  which  has  received  the  appellation  of  the  eleetro-ehemieal 
theory y  and  has  been  adopted  by  several  philosophers,  especially  by 
Berzelius.  This  theory  was  first  developed  by  its  author  in  1807  in 
his  essay  on  Some  Chemical  ^endes  of  Electricity,  and  he  has 
lately  given  an  additional  explanation  of  his  views  in  the  Bakerian 
Lecture  for  1826.  Some  parts  of  th'e  doctrine  are  unfortunately  ex- 
pressed  ia  a  manner  somewhat  obscure,  and  this  circumstance  has 
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S'ven  lita  to  iccSdeotal  iiiisreprefentattoB;  but  a  euvful  peiuftl  of 
ir  H.  Daty's  turn  induces  me  to  hope,  thtt  the  ibUowiog  is  a 
coireet  ftatement  oihis  opinions. 

It  wae  demoDstrated  by  VolU  that  the  meie  contact  of  certain 
metals,  as  for  eiample  zinc  and  copper,  causes  the  development  of 
eleetildty ;  for  after  separation  they  are  found,  if  insobued,  to  be  op- 
podtely  electrified.    It  is  inferred,  and  I  conceive  correctly,  that  the 
electfie  equilibrium  is  disturbed  at  the  moment  of  contact,  and  that 
one  metal  oecomes  positively  and  the  other  negatively  electric;  bat 
«o  long  as  the  contact  continues,  no  sign  of  electrical  excitement  is 
evineed,  becaoae  the  presence  of  two  surfaces  oppositely  electrified 
to  the  same  deiEree,  counteracts  or  neutralizes  the  effect  which  eitfcMr 
separately  woiud  produce.    The  development  of  electrfcity  by  con- 
tact ia  by  no  means  confined  to  the  metals.    Sir  H.  Davy  observed 
that  a  dry  alkali  or  aljEaline  earth  is  excited  positively  by  contact  with 
a  metal,  and  that  diy  acids  after  having  lAuched  a  metal  are  negative ; 
and  he  has  forther  shown  that  acids  and  alkalies  in  their  diy  state  ex* 
cite  each  other,  the  former  after  contact  being  negative  and  the  latter 
positive.    A  similar  disturbance .  of  the  electric  equilibrium  is  con- 
ceived to  be  produced  by  the  contact  of  the  ultimate  particles  or 
atoms  of  two  nodies,  as  is  developed  in  the  same  substances  when  in 
mass..   The  two  particles  are  thus  rendered  oppositely  electric,  and  if 
not  prevented  by  cohesion  to  particles  of  their  own  kind  or  other 
causes,  they  remain  permanently  attached  to  each  other  by  the  force 
of  electrical  attraction,  and  thus  give  rise  to  a  new  compound.    What 
chemists  term  chemical  attraction  or  affinity  is,  therefore,  under  this 
point  of  view,  an  electrical  force  arising  from  particles  of  a  different 
kind  attracting  each  other,  in  consequence  of  being  in  opposite  states 
of  electrical  excitement.    The  particles  thus  adhering  or  combined 
retain  their  electrical  state,  as  happens  with  two  discs  of  zinc  and  cop- 
per while  in  contact,  without  exhibiting  any  signs  of  electrical  excite- 
ment either  at  the  moment  of  combination,  or  during  its  continuance. 
The  very  existence  of  the  compound,  indeed,  depends  on  its  elements 
retaining  their  state  of  excitement ;  and  were  they  both  brought  into 
the  same  electric  condition,  or  subjected  to  the  influence  of  surfaces 
of  greater  intensity  than  that  by  which  their  union  is  maintained,  de- 
composition would  necessarily  ensue.    This  is  precisely  the  manner 
in  which  chemical  decomposition  is  thought  to  be  effected  by  the 
agency  of  galvanism.    On  immersing  the  extremities  of  wires  con- 
nected with  the  opposite  poles  of  a  Voltaic  battery  into  a  cup  of  wa- 
ter, the  wire  attached  to  the  zinc  being  positive  will  attract  the  oxy- 
gen ;  and  if  its  intensity  exceed  that  by  which  the  elements  of  water 
are  held  together,  the  oxygen  will  be  drawn  towards  it  and  the  hydro- 
gen repelled.    The  wire  connected  with  the  copper  or  negative  side 
of  the  apparatus  exerts  an  attraction  for  the  hydrogen,  and  is  repulsive 
to  the  oxygen;  so  that  the  same  element  which  is  repelled  by  one 
wire  is  attracted  by  the  other.    Other  compounds  will  of  course  be 
liable  to  decomposition  on  the  same'principle*.    . 


*  If  the  explanation  here  given  of  the  chemical  agencies  of  the 
Voltaic  apparatus  were  well  founded,  then  it  would  follow  that  decom- 
position should  take  place,  if  the  same  portion  of  water  was  placed  in 
connection,  at  the  same  time,  with  the  positive  po\e  o(  ot\e\)^\X^^^  ^\v^ 
(he  negative  pole  of  another.    Thus  the  negative  oxy  ^enbei^^^Wx^tV 
ed  moj^  strongly  by  the  positive  or  zinc  poAe  than  \i^  vYv^  y^*^^^"^'^ 
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It  will  appear  on  a  little  reflectioD,  that  the  accuracy  of  this  veiy  in- 
grenious  doctrine  has  not  yet  been  demonstrated.  There  is  do  proof 
that  the  ultimate  particles  of  bodies  do  become  electric  by  contact,  or 
that  they  retain  their  opposite  electricities  when  combined.  Were 
these  points  established,  it  would  not  necessarily  follow  that  cbemial 
afi&nity  is  identical  with  electrical  attraction.  Besides,  it  has  not  been 
fully  proved,  that  the  chemical  agency  of  the  Voltaic  apparatus  de- 
pends on  electrical  attraction  and  repulsion.  The  theory  does  not 
yet  stand  on  so  firm  a  basis  as  to  induce  chemists  to  aliandoo 
the  nomenclature  they  have  hitherto  employed,  and  cease  to  regard 
affinity  as  a  distinct  species  of  attraction.  But  at  the  same  time  it 
must  be  admitted  that  the  electro-chemical  theory  is  founded,  as  ill 
theoretical  views  ought  to  be,  on  extensive  observation  and  numemiB 
facts ;  that  it  supplies  chemists  with  a  principle  capable  of  acconntiiif 
for  the  phenomena  ascribed  to  affinity,  and  affords  a  consistent  ex- 
planation of  tbe  chemical  agencies  of  the  Voltaic  apparatus.  Experi- 
ence has  shown  that  it  is  a  safe  guide  in  experimental  research,  and  it 
has  the  unquestionable  merit  of  having  led  to  one  of  the  most  Inrilliiot 
discoveries  ever  made  in  chemistiy. 

Regarding  all  compounds  as  constituted  of  oppositely  eleetiial 
elements,  Sir  H.  Davy  conceived  that  none  of  them  should  resist  de- 
composition, if  exposed  to  a  battery  of  sufficient  intensity ;  and  he  le- 
eordingly  subjected  to  galvanic  action  substance's  which  till  then  bid 
been  regarded  as  simple,  expecting  that  if  they  were  compound  tbey 
would  be  resolved  into  their  elements.  The  result  exceeded  expee* 
tation.  The  alkalies  and  earths  were  decomposed ;  a  substance  wiA ' 
the  aspect  and  properties  of  a  metal  appeared  at  the  negative  pole, 
while  oxygen  gas  was  disengaged  at  the  positive  surface.  (Phil. 
Trans,  for  1808.) 

The  same  views  have  been  applied  successfully  on  a  veiy  recent 
occasion.  It. has  been  long  known  that  the  copper  sheathing  of 
vessels  oxidizes  very  readily  in  sea  water,  and  consequently  wastes 
with  such  rapidity  as  to  require  frequent  renewal.  Sir  H.  Davy  ob- 
served that  the  copper  derived  its  oxygen  from  atmospheric  air  dis- 
solved in  the  water,  and  that  the  oxide  of  copper  then  took  muriitie 
acid  from  the  soda  and  magnesia,  forming  with  it  a  submuriate  of  the 
oxide  of  copper.  Now  if  the  copper  did  not  oxidize,  it  could  not  com- 
bine with  muriatic  acid ;  and  according  to  Sir  H.  Davy,  it  only  com- 
bines with  oxygen,  because  by  contact  with  that  body  it  is  rendered 
positively  electrical.  If,  therefore,  the  copper  could  by  any  means  be 
made  negative,  then  the  copper  and  oxygen  would  have  no  tendency 
to  unite,  llie  object  then  was  to  render  copper  permanently  negative. 
Now  this  is  done  by  bringing  copper  in  contact  with  zinc  or  iron ;  ibi 
the  former  then  becomes  negative,  and  the  latter  positive. 

Acting  on  this  idea,  it  was  found  that  the  oxidation  of  the  copper 
may  be  completely  prevented.    A  piece  of  zinc  as  large  as  a  pea,  or 


hydrogen  with  which  it  is  combined,  would  have  its  union  with  the 
latter  severed,  a  result  which  would  be  favoured  by  the  repulsion  exe^ 
cised  by  the  positive  pole  on  the  hydrogen.  Again,  the  positift 
hydrogen  would  be  attracted  by  the  negative  pole  and  the  oxygen  be 
repelled.  But  I  doubt  very  much  whether  any  decomposition  would 
take  place  under  such  circumstances,  and  hence  I  believe  that  a  eat* 

rent  of  tbe  galvanic  fluid  through  comvioauds  is  esseotiaj  to  its  d0« 

composing  powers.    B. 
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the  held  of  a  small  round  nail,  was  foand  fully  adequate  to  preserve 
forty  or  fifty  square  inches  of  copper  ;  and  this  wherever  it  was  placed, 
whether  at  the  top,  bottom,  or  middle  of  the  sheet  of  copper,  or  under 
whatever  form  it  was  used.    And  when  the  connection  between  differ- 
ent pieces  of  copper  was  completed  by  wires,  or  thin  filaments  of  the 
40th  or  60th  of  an  inch  in  diameter,  the  effect  was  the  same ;  every 
fide,  every  surface,  every  particle  of  the  copper  remained  bright, 
whibC  the  iron  or  the  zinc  was  slowly  corroded.     Sheets  of  copper 
defended  by  l-40th  to  1-lOUOth  part  of  their  surface  of  zinc,  malleable 
and  east  iron,  were  exposed  during  many  weelcs  to  the  flow  of  the  tide 
in  Portsmouth  harbour,  and  their  weight  ascertained  before  and  after 
the  experiment.     When  the  metallic  protector -was  from  l-40th  to 
l-160th  there  was  no  corrosion  nor  decay  of  the  copper;  with  smaller 
quantities,  such  as  i-200lh  to  l-460th,  the  copper  underwent  a  loss  of 
weight  which  was  greater  in  proportion  as  the  protector  was  smaller; 
and  as  a  proof  of  the  universality  of  the  principle,  it  was  found  that 
even  1-lOOOth  part  of  cast  iron  saved  a  certain  proportion  of  the  cop- 
per.    (Phil.  Trans,  for  1824.) 

Unhappily  for  the  application  of  this  principle  in  practice,  it  is  found 
that  unless  a  certain  degree  of  corrosion  takes  place  in  the  copper,  its 
surface  becomes  foul  from  the  adhesion  of  sea-weeds  and  shell-fish. 
The  oxide  and  submuriate  of  copper  formed  when  the  sheathing  is 
unprotected,  is  probably  injurious  to  these  plants  and  animals,  and 
thus  preserves  tlie  copper  free  from  foreii^n  bodies.  It  appears  also 
that,  in  vessels  whose  sheathing  is  protected  from  corrosion,  the  ne- 
gatively electric  copper  attracts  the  positive  electric  bodies,  such  as 
magnesia  and  lime,  dissolved  in  sea- water ;  and  that  these  earths  then 
form  a  nidus  for  the  adhesion  of  other  matters.  It  is  hoped  that  by 
duly  adjusting  the  proportion  of  iron  and  copper,  a  certain  den;rec  of 
corrosion  may  be  allowed  to  occur,  sufficient  to  prevent  the  adhesion 
of  foreign  bodies,  and  yet  materially  retarding  the  waste  of  the  copper; 
but  the  attempts  to  accomplish  so  desirable  an  object  have  not  yet 
been  altogether  successful. 

These  principles  may  be  usefully  applied  on  other  occasions.  One 
obvious  application  of  the  kind,  suggested  by  Mr  Pepys,  is  to  preserve 
iron  or  steel  instruments  from  rust  by  contact  with  a  piece  of  zinc. 
The  iron  or  steel  is  thereby  tendered  negative,  while  the  zinc,  being 
positive,  oxidizes  with  increased  rapidity. 

The  electro-chemical  theory  furnishes  a  sclcntiHc  principle,  per- 
haps I  may  be  allowed  to  add  the  most  philosophical  which  we  pos- 
sess, for  the  arrangement  of  chemical  substances.  Dr  Henry  has 
adopted  this  principle  of  classification  in  his  Elements  of  Experimen- 
tal Chemistry ;  and  my  chief  reason  for  not  following  his  example  is 
the  opinion,  that  the  order  of  describing  the  elementary  substances 
adopted  in  this  treatise  is  more  convenient  for  the  student  tlian  an 
arrangement  founded  on  the  electro-chemical  theory.  According 
to  the  method  suggested  by  this  doctrine,  bodies  arc  divided  into 
groups  accordingly  as  their  natural  electric  energies  are  tlie  s.une  or 
difierent.  By  the  term  natural  electric  energy  is  not  meant  that  a 
substance  considered  singly,  naturally  possesses  one  kiml  of  excite- 
ment rather  than  another ;  but  that  by  its  nature  it  is  disposed  from 
contact  with  other  bodies,  to  assume  one  particular  electrical  state 
rather  than  the  other.  Thus  oxygen  is  called  a  neti;ative  elccule,  t>e- 
cause  it  13  negatively  excited  by  other  bodies*,  w\\erC3La  VV\fe  tvaVmiA 
electric  energy  of  potassium  is  positive,  because  it  ?icc\uuea  ?l\\  tx^cfts^ 
of  electricity  by  the  action  of  other  substances.    The  e\ftc4  '  " 
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are  atliaded  lowarda  the  aegallve  pole.  Of  the  elementary  pcinct 
pies,  oKytren,  chlorine,  lotllne,  and  fluotlne,  la  which  (he  HGnFly  dit- 
covered  principle  iKOiDine  should  be  added,  are  regarded  by  Dt  Heniy 
as  negalive  electrics  ;  and  all  ihe  olbeci  compose  the  toore  Dumeious 
llsl  DlpoeUive  electrics. 

Considetoble  difficulty  arises  in  Ihe  an-anBemanl  of  some  aubstto- 
ces,  io  cDnaequeuce  of  uielr  poaseaaing  one  kind  of  eieCUic  energy  in 
rctalion  (a  some  bodies,  and  an  oppoalle  energy  with  othera.  Oxy^ 
if  Degalive  in  every  combination,  and  polaaaiuoi  appears  to  bs  as  usi- 
formly  positive;  but  sulphur,  though  positive  with  respect  te  aiygen, 
ia  negative  iti  reUlian  to  the  melala.  Hydrogen  ia  highly  positive 
when  cotapareil  with  oxygen,  chlorine,  and  other  analogous  priDcl- 
plea  ;  but  with  the  melala  ita  eleclric  energy  ia  negative. 

The  followingllsta,  ahowine  Ihe  electric  energy  ofthe  dlSTerantlk- 
Dienlnry  substsncea  in  relation  to  each  other,  ia  taken  rrom  Beczcllu'i 
System  of  Cbemiatry.  They  are  given  by  the  author  as  an  appiDii- 
mallon  to  (heir  true  order,  rather  than  as  rigidly  eiact.  All  Ihe  bodlet 
enumerated  in  t!ie  brst  row  are  negative  Io  those  of  Ihe  second.  Ia 
Ihe  litst  column  each  substance  is  negative  (o  those  below  it ;  and  is 
tlic  second,  each  element  Is  positive  compared  with  Ibe  lubaequent 
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Ppiitivc  EUetriti 

Oxygen. 

Polaaaiuui. 

Sulphur. 

Sodium. 

Nitrogen. 

Lithium. 

Chlorine, 

Barium. 

Iodine. 

Fluorine. 

Calcium. 

Phosphorus. 

Maeneaium. 

Selenium. 

Olucioium. 

Arsenic. 

Tllrium. 

Chromium. 

Tungsten. 
Baroa. . 

Antimony. 
Tellurium. 
Columbium. 
Titanium. 


Nickal. 

Cobalt. 

Cerium. 

Lead 

Tin. 

Bismuth. 

Uranium. 

Coppei. 

Silver. 

Mercury. 

Palladium. 
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Por  ekhibiting  the  chemical  agency  of  gaWanism,  a  combination  of 
quantity  and  intensity  is  required.    The  larger  of  the  two  immense 
batteries  constructed  by  Mr  Children  had  scarcely  any  power  in  etfect- 
iog  chemical  decomposition ;  and  a  series  of  numerous  small  plates 
charged  with  water,  and  capable  of  acting  powerfully  on  the  electrom- 
eter, decomposes  water  very  feebly.    The  most  appropriate  appa- 
ratus for  chemical  purposes,  is  one  made  with  a  considerable  number  of 
plates  of  four  or  six  inches  square.    An  acid  solution  should  be  em- 
ployed for  exciting  the  battery,  and  its  strength  such  as  to  cause  a 
moderate,  long  continued  action,  rather  than  a  violent  one  of  short 
duration.     Any  of  the  stronger  acids,  such  as  the  nitric,  sulphuric,  or 
muriatic,  may  be  used  with  this  intention;  but  the  last,  according  to 
Mr  Singer,  produces  the  most  permanent  effect,  and  is  therefore  pre- 
ferable.    The  proportion  should  be  one  part  of  acid  to  about  14  or  20 
parts  of  water;  or  if  the  series  is  extensive,  the  acid  may  be  still  further 
diluted  with  advantage.    The  chemical  agency  of  a  battery  oncreases 
with  the  number  of  plates ;  but  the  exact  Tate  of  increase  has  not  been 
satisfactorily  determined. 

In  order  that  chemical  decomposition  should  take  place  by  means 
of  galvanism,  the  compound  subjected  to  its  action  must  be  made  to 
connect  the  opposite  poles  of  the  battery.  No  effect  is  produced  if  a 
non-conductor  is  used,  and  hence  potassa  is  not  decomposed  by  gal- 
vanism, unless  slightly  moistened ;  nor  must  the  electric  fluid  pass 
through  it  with  the  same  facility  as  along  a  metal,  for  the  apparatus 
is  then  equally  inert.  The  substance  by -which  the  opposite  poles 
are  connected  must  be  what  is  called  an  imperfect  conductor,  such 
as  water,  and  saline  and  acid  solutions.  All  such  liquids  may  be  con- 
sidered perfect  conductors  in  respect  to  common  electricity ;  but  to 
electrified  surfaces  of  very  low  intensity,  as  in  galvanic  batteries  even 
in  their  state  of  highest  tension,  they  are  imperfect  conductors.  Even 
water,  when  quite  pure,  transmits  the  electricity  of  a  galvanic  appa- 
ratus so  imperfectly,  that  a  very  powerful  battery  occasions  a  slow  dis- 
engagement of  gas,  when  its  opposite  poles  communicate  through  dis- 
tilled water.  Its  conducting  power  is  greatly  improved  by  adding  a 
little  saline  matter,  such  as  the  sulphate  of  soda  or  potassa;  and  the 
same  battery  which  decomposed  water  feebly  before  the  addition  of 
the  salt,  will  then  cause  a  free  disengagement  of  gas. 

III.  The  power  of  lightning  in  destroying  and  reversing  the  poles 
of  a  magnet,  and  of  communicating  magnetic  properties  to  pieces  of 
iron  which  did  not  previously  possess  them,  was  noticed  at  an  early 
period  of  the  science  of  electricity,  and  led  to  the  supposition  that 
similar  effects  may  be  produced  by  the  common  electrical  or  galvanic 
apparatus.  Attempts  were  accordingly  made  to  communicate  the 
magnetic  virtue  by  means  of  electricity  or  galvanism ;  but  no  results  of 
importance  were  obtained  till  the  winter  of  1819,  when  Professor 
Oersted  of  Copenhagen  made  his  famous  discovery,  which  forms  the 
basis  of  a  new  branch  of  science  called  electro -magnetism.  (Annals 
of  Philosophy,  xvi.  273.) 

The  fact  observed  by  Professor  Oersted  was,  that  an  electric  cur- 
rent, such  as  is  supposed  to  pass  from  the  positive  to  the  negative 
pole  of  a  Voltaic  battery  along  a  wire  which  connects  them,  causes  a 
magnetic  needle  placed  near  it  to  deviate  from  its  natural  position, 
and  assume  a  new  one,  the  direction  of  which  depends  Vi^oviVW  \t- 
)atJve  position  of  the  needle  and  the  wire.     On  placmg  V\\e  w'ufe  ^V>on^ 
tbe  magnet  and  parallel  to  it,  the  pole  next  the  negalWe  eu^  ol  \Ve 
battery  always  moves  westwend,  and  when  the  wite  is  v^^c^'i^  ^^^^^ 
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the  needle,  the  same  pole  goes  towards  the  east.  If  the  wire  is  on  tlis 
same  horizontal  plane  with  the  needle,  no  declination  whatever  takef 
place;  but  the  magnet  shows  a  disposition  to  move  in  a  vertical  diree- 
tion,  the  pole  next  the  negative  side  of  the  battery  beins  depressed 
when  the  wire  is  to  the  west  of  it,  and  elevated  when  it  is  placed  oa 
the  east  side.  • 

The  extent  of  the  declination  occasioned  by  a  battery  depends 
upon  its  power,  and  the  distance  of  the  connecting  wire  from  tbo 
needle.  If  the  apparatus  is  powerful,  and  the  distance  small,  the  de- 
clination will  amount  to  an  angle  of  45°.  But  this  deviation  does  not 
give  an  exact  idea  of  the  real  effect  which  may  be  produced  bv  gil- 
vanism ;  for  the  motion  of  the  magnetic  needle  is  counteracted  by  the 
magnetism  of  the  earth.  When  the  influence  of  this  power  is  destroy- 
ed by  means  of  another  magnet,  the  needle  will  place  itself  direct^ 
across  the  connecting  wire;  so  that  the  real  tendency  of  a  magnet li 
to  stand  at  right  angles  to  an  electric  current. 

The  communicatmg  wire  is  also  capable  of  attracting  and  repelling 
the  poles  of  a  magnet.  If,  when  the  magnet  and  connecting  wire  sis 
at  right  angles  to  each  other,  the  latter  passing  across  the  centre  of 
the  former,  the  wire  be  moved  along  the  needle  towards  either  extie* 
mity,  attraction  will  take  place  between  the  wire  and  the  adjacent 
pole :  and  this  will  occur  though  the  same  point  of  the  wire  should  bo 
presented  in  succession  to  bom  of  the  poles.  Again,  if  the  position  of 
the  poles  of  the  needle  be  reversed,  they  will  be  repelled  by  the  samo 
point  of  the  wire  which  had  previously  attracted  them*. 

This  discovery  was  no  sooner  announced,  than  the  experiments 
were  repeated  and  varied  by  philosophers  in  all  parts  of  Europe,  and, 
as  was  to  be  expected,  new  facts  were  speedily  brought  to  light. 
Among  the  most  successful  labourers  in  this  field,  MM.  Ampere,  Aia- 
go,  and  Biot  of  Paris,  and  Sir  H.  Pavy  and  Mr  Faraday  in  this  country, 
deserve  to  be  particularly  mentioned. 

M.  Ampere  observed  that  the  VbUalc  apparatus  itself  acts  on  a 
magnetic  needle  placed  upon  or  near  it  in  the  same  manner  as  the  wire 
which  unites  its  two  extremities.  But  the  declination  was  found  to 
occur  only  when  the  opposite  ends  of  the  battery  are  in  communica- 
tion, and  to  cease  entirely  as  soon  as  the  circuit  is  interrupted, — ^a  dif- 
ference which  was  supposed  to  arise  from  the  passage  of  an  uninter- 
rupted electric  current  through  the  apparatus,  as  along  the  connecting 
wire,  taking  place  in  the  first  case,  and  not  in  the  second.  M.  Am- 
pere therefore  proposed  the  magnetic  needle  as  an  instrument  for  dis- 
covering the  existence  and  direction  of  An  electric  current,  (or  currents 
according  to  the  theory  of  the  two  electr cities),  as  well  as  for  point- 
ing out  the  proper  state  and  fitness  of  a  galvanic  apparatus  for  elec- 
tro-magnetic experiments  in  general.  When  the  needle  is  employed 
with  this  intention  it  is  called  a  galvanometer. 

M.  Ampere  soon  after  discovered  that  a  power  of  attraction  and  re- 
pulsion may  be  communicated  by  an  electric  current  alone,  without 
the  use  of  a  magnet.  Two  wires  of  copper,  brass,  or  any  other  metal 
placed  parallel  to  one  another,  and  suspended  so  as  to  move  freely, 
were  connected  with  the  opposite  poles  of  a  galvanic  apparatus.  Ii 
the  electric  current  passed  along  both  wires  in  the  .same  direction, 
they  attracted  one  another ;  if  in  an  opposite  direction,  they  repellec 

*  ^%A  ^i^tkreat  statement  of  this  fact  wYi\cVv\Yivie  a«i«ii\%\w^^\!^ 
f £Iectro-magDelVsiii by  M.t¥awi^y .    ^Kxmm\%  ^\  V 
Series,  vol.  11.) 
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Mch  oibtr.  TIm  nnlt  of  tbit  experioMnt  gtf*  rifa  Itf  life  ioppofl- 
tton  Ihtt  0M  tfagiietk  pro|>erty  b  aetutlly  comaioBlctted  to  the  wirtf 
bj  tho  aleefrie  camnt;  and  thit  rappotltloii  wm  coBfinned  by  M. 
Ansot  %fho  fbood  Cbat  iron  filings  are  attracted  bf  a  wire  placed  In 
Um  Yoltiie  circuity  and  tbat  they  all  fall  off  wben  tne  coBmunicatlon 
betwoop  te  polea  la  Interrupted.  This  &ct  was  alao  diseoTeied  about 
the  flUM  time  by  Sir  H.  I>tvy>  who  baa  minutely  deeerlbed  hie  ez- 
ptrimenta  In  a  paper  in  the  PnUoaopblcal  Transactlonfl  finr  1821. 

The  comnnu&cation  of  temporary  magnetic  properties  to  the  com- 
moQ  metalB  naturally  led  to  an  attempt  to  magnetise  steel  and  iioo 
pemaneiit^  by  the  same  agent.    The  experiment  wo  made  by  M. 
AragD  and  Sir  H.  Davy  about  the  same  time,  and  both  were  succesi- 
ftil.    Sir  H.  Davy  attached  steel  needles  to  the  connecting  wire» 
some  ptraMal  to  it,  and  others  transversely.    The  former  merely  acted 
as  m  pert  of  the  circuit ;  they  did  not  possess  poles,  and  lost  their 
power  of  attracting  iron  filings  as  soon  as  the  electric  current  ceased 
to  eirculata  through  them.    But  the  latter  acquired  a  north  and  south 
pole»  and  presenrM  the  property  after  separation  from  the  wire.    M. 
Ango  at  first  operated  in  a  similar  manner ;  but,  at  the  suggestion  of  M. 
Ampere,  be  made  the  connecting  wire  into  the  form  of  a  spiral  or  helix, 
and  placed  the  needle  to  be  magnetised  in  its  centre.    By  this  ar- 
rangement the^  maximum  effect  was  obtained  in  a  shorter  time  than 
by  any  other  method.    Sir  H.  Davy  also  rendered  a  needle  magnetic 
by  placing  it  across  a  wire,  along  which  a  charge  from  a  common 
lieyden  battery  was  transmitted.    This  series  of  experiments  was 
completed  by  M.  Ampere's  discovery,  that  a  connecting  wire,  sus- 
pended so  as  to  have  perfect  freedom  of  motion,  is  influenced  by  the 
magnetic  attraction  of  the  earth. 

For  the  next  fact  of  importance,  science  is  indebted  to  the  research- 
es of  Mr  Faraday.  He  ascertained  that  the  action  of  the  connect- 
iog  wire  on  the  direction  of  a  magnet,  is  not  owing  to  any  attraction 
or  repulsion  exerted  between  them,  but  to  a  tendency  they  have  to 
revolve  round  each  other.  He  contrived  an  apparatus,  (Quarterly 
Journal,  vol.  xii.),  by  means  of  which  either  pole  of^a  magnet  was  made 
to  revolve  round  the  wire  as  a  fixed  point ;  and  then,  by  fixing  the 
wire,  and  giving  free  motion  to  the  magnet,  both  poles  of  the  latter 
were  made  to  revolve  in  succession  round  the  former. 

He  was  also  successful  in  causing  the  wire  to  revolve  by  the  influ- 
ence of  the  magnetism  of  the  earth. 

These  magnetic  properties  of  the  Voltaic  apparatus,  which  form  the 
basis  of  electro- magnetism,  were  discovered  soon  after  the  original  ex- 
periments of  Oersted  were  made  known  to  the  public.  Other  facts  of 
interest  have  since  been  observed,  and  some  ingenious  general  views 
have  been  proposed  to  account  for  all  the  phenomena :  but  as  a  full 
discussion  of  electro-magnetism  would  lead  into  details  too  minute  for 
an  elementary  treatise,  I  must  refer  the  reader,  who  may  wish  for 
more  ample  information,  to  works  written  professedly  on  the  subject. 
In  addition  to  the  papers  already  alluded  to,  the  "  Kecueil  d'Observa- 
tions  Electro- dynamiques"  by  M.  Ampere,  and  the  second  edition  of 
Mr  Barlow's  Essay  on  I^agnetic  Attractions,  will  be  consulted  with 
much  advantage. 

On  the  Theory  of  the  Pile. 

TTiere  are  three  principal  theories  concermng  l\ie  ?ipV\otv  ol  ^< 
VoUaic  pile  or  battery.    The  first  originated  wUh  VoV  n^wveeV 
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ed  that  the  electricity  is  tet  in  motion,  and  the  tupply  kept  op*  eoWf 
by  the  contact  of  the  metalsJ  He  redded  the  inteiposed  eohitiaii 
merely  as  conductors,  by  means  of  which  the  electricity,  developed  fey 
each  pair  of  plates,  is  conveyed  from  one  part  of  the  apparetlis  te  tii 
other. 

Volta  attached  little  importknce  to  the  chemical  action  goioa;  •• 
between  the  plates  of  the  pile,  and  the  fluid  by  which  it  is  mumti: 
he  considered  these  changes  as  contributing  nothing  to  the  genemli^ 
suit,  and  accordingly  left  them  wholly  out  of  view  in  the  formati—  of 
his  theory.  But  the  repetition  and  extension  of  bis  experimeati  ky 
the  English  chemists  soon  demonstrated  that  Tolta  had  commlCttd  a 
material  error  in  overlooking  the  chemical  phenomena  whieh  omm 
between  the  plates  of  the  pile  and  the  liquid  contained  In  ite  caftk 
For  it  was  obsierved  that  no  sensible  effects  are  produced  by  n  CMnbl 
nation  formed  of  substances  that  have  no  chemical  actimi  oo 
other ;  that  the  action  of  the  pile  is  always  accompanied  by  tbe 
tion  of  the  sine ;  and  that  the  energy  of  the  pile  in  prodnmf 
decomposition,  a  subject  which  at  that  time  excited  Inttnsa  lotenil, 
is  in  some  proportion  to  the  activitv  of  the  chemical  action  witbin  lbs 
apparatus  itself.  Observations  of  tnis  nature  induced  Dr  WollaitOD  to 
conclude,  that  the  process  begins  with  the  oxidation  of  the  xine— 4hit 
the  oxidation  is  the  primary  cause  of  the  development  of  eleetrietty; 
and  he  published  several  ingenious  experiments  in  the  Philosophiaii 
Transactions  for  ISOl  in  support  of  his  opinion.— This  conatitntes.ths 
second  or  chemical  theory  of  the  pile,  and  is  in  direct  opposition  to 
that  proposed  by  Volta. 

Plausible  as  appeared  the  chemical  theory  of  the  pile  at  the  time  It 
was  first  announced,  more  extensive  observation  has  proved  it  to  be 
inconsistent  with  some  of  the  phenomena  of  galvanism.  It  must  now 
be  admitted,!  apprehend,  as  established,  that  the  mere  contact  of  sub- 
stances, without  any  chemical  change  whatever,  is  adequate  to  tbeei- 
citemen^  of  electricity ;  and  that  the  energy  of  the  pile,  in  respect  to 
its  electrical  properties,  is  not  in  proportion  to  the  chemical  action  pro* 
duced  by  the  liquid  with  which  it  is  charged.  It  appears,  also,  that  id 
the  mere  act  of  chemical  union,  no  electrical  excitement  is  manifested. 
M.  Becquerel  indeed  has  stated  the  contrary,  but  the  fact  is  denied  by 
Sir  H.  Davy.  It  is  found,  likewise,  by  the  late  researches  of  tbe 
same  chemist,  that  galvanism,  to  an  extent  capable  of  decomposing 
water,  may  be  excited  by  a  galvanic  combination,  in  which  no  chemi- 
cal action  whatever  occurs. 

The  third  theory  of  the  pile  is  intermediate  between  the  two  otherif 
and  was  proposed  by  Sir  H.  Davy.  He  inferred  from  numerous  ei- 
periments,  that  there  is  no  reason  to  question  the  fact  originally  stat- 
ed by  Volta,  that  the  electric  equilibrium  is  disturbed  by  the  contaet 
of  different  substances  without  any  chemical  action  taking  place  be- 
tween them.  He  acknowledged,  however,  with  Dr  Wollaston,  tint 
the  chemical  changes  contribute  to  the  general  result;  and  maintafai- 
ed  that,  though  not  the  primary  cause  of  the  phenomenon,  they  are  so 
far  essential,  that  without  such  changes  the  galvanic  excitement  ean 
neither  be  considerable  in  degree,  nor  of  long  duration.  In  his  opt- 
ion the  action  is  commenced  by  the  contact  of  the  metals,  and  kept 
up  by  the  chemicnl  phenomena. 

'**^0  mode  in  which  Sir  H.  Davy  conceives  the  chemical  changes 
"entering  the  electric  equWvbfwim  wYveivevftT  Vl  \a  disturbed. 
'*  of  the  zinc  and  copper  pUVea,  VJ^e  ^ottiv^x  \%  \«tA«w^ 
*--  whole  senes,  and  lYie  \a.V\»\  ii%^>:vi^\«i^\n 
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metiif  of  the  conduetiDg  fluid  with  which  the  cellt  are  filled,  the  elec- 
tricity eccumaletes  on  ooe  side  of  the  battery,  and  ilie  other  be- 
comet  at  atrongly  nej(ative.  But  the  quantity  of  electricity,  thus 
ezciMt  would  not  be  suflBcient,  as  is  maintained,  for  causing  ener- 
getic aetioii.  For  this  eflect,  the  electric  equilibrium  of  each  pair  of 
platee  most  be  restored  as  soon  as  it  is  disturbed,  in'  order  that  ihey 
may  be  able  to  furnish  an  additional  supply  of  electricity.  The  chemi- 
cal sabetaiiees  of  the  solution  are  fuppoaed  to  effect  tmit  object  in  the 
following  manner.  The  negatlTo  ingredients  of  the  liquid,  such  as 
oxygen  and  the  acids,  pass  over  to  the  zinc ;  while  the  hydrogen  and 
the  alkalies,  whidi  are  positive,  go  to  the  copper ;  in  conseipence  of 
which,  both  the  metals  are  for  &e  moment  restored  to  their  natural 
eimdition.  But  as  the  contaiet  between  them  continues,  the  equili- 
brium Is  no  aooner  restored  than  it  is  again  disturbed  ;  and  when,,by 
a  contiDoanee  of  the  chemical  changes,  the  zinc  and  copper  recover 
their  natural  state,  electricity  is  again  developed  by  a  continuance  of 
the  same  eondltion  by  which  it  was  excited  in  the  first  instance.  In 
tfiki  way  %  H.  Davy  explains  whv  dhemical  action,  though  not  ee- 
sential  to  the  first  development  of  electricity,  is  necessary  for  enabling 
the  VoHalc  appparatos  to  act  with  energy. 
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PRELIMINARY  REMARKS. 

IN  teacbiDK  a  science,  the  details  of  which  are  numeroui  and  coia- 
plicated,  it  would  be  injudicious  to  follow  the  order  of  diacoveiy  ani 
proceed  from  the  individual  facts  to  the  conclusions  which  have  baaa 
deduced  from  them.  An  opposite  course  is  indispensable.  It  ii 
necessary  to  discuss  the  general  principles  in  the  first  instaoee,  in 
order  to  aid  the  beginner  in  remembering  the  insulated  fiicts,  and  com- 
prehending  the  explanations  connected  with  them. 

This  necessity  is  in  no  case  more  sensibly  felt  than  in  the  study  of 
chemistry,  and  for  this  reason  I  shall  commence  the  second  part  of  the 
work  by  explaining  the  leading  doctrines  of  the  science.  OneineoD- 
yenience,  indeed,  does  certainly  arise  from  this  method.  It  is  often 
necessary,  by  way  of  illustration,  to  refer  to  facts  of  which  the  be- 
ginner is  ignorant ;  and  therefore  on  some  occasions  more  knowledge 
will  be  required  for  understanding  a  subject  fully,  than  the  reader 
may  have  at  his  command.  But  these  instances  will,  it  is  hoped,  be 
rarely  met  with ;  and  when  they  do  occur,  the  reader  is  advised  to 
quit  the  point  of  difficulty,  and  return  to  the  study  of  it,  when  he  shall 
have  acquired  more  extensive  knowledge  of  the  details. 

To  the  chemical  history  of  each  substance  its  chief  physical  char- 
acters will  be  added.  A  knowledge  of  these  properties  is  not  only 
advantageous  jn  assisting  the  chemist  to  distinguish  one  body  bom 
another,  but  in  many  instances  is  put  to  uses  still  more  importaat. 
The  specific  gravity  in  particular  is  of  great  consequence ;  and  as  thii 
expression  will  hereafter  be  used  in  almost  every  page,  it  will  be  prs- 
per,  before  proceeding  further,  to  explain  its  meaning.  Equal  bmi 
of  different  substances,  as  a  cubic  inch  of  gold,  silver,  tin,  and  water, 
differ  more  or  less  in  weight :  their  densities  are  different ;  or  in  other 
words,  they  contain  different  quantities  of  ponderable  matter  in  tbe 
same  space.  The  tm  will  weigh  eight  times  more  than  the  water,  tbe 
silver  about  ten  times  and  a  half,  and  the  gold  upwards  of  nhMleea 
times  more  than  that  fluid.  The  density  of  all  solids  and  liquids  ouy 
be  determined  in  the  same  manner ;  and  if  they  are  compared  with  id 
equal  bulk  of  water  as  a  standard  of  comparison,  a  series  of  numlMis 
will  be  obtained,  which  will  show  the  comparative  density  or  spedfie 
gravity,  as  it  is  called,  of  all  of  them. 

The  process  for  determining  specific  gravities  is,  therefore!  suffi- 
ciently simple.    It  consists  in  weighing  a  body  carefully,  and  tbefi 
determining  the  weight  of  an  equal  bulk  of  water,  the  latter  being  re* 
garded  as  unity.    If,  for  example,  a  portion  of  water  weighs  nioe 
grains,  and  the  same  bulk  oC  anoOiet  \iQ^^  ^^  ^vi»>  \U  a^^ecific  grt- 
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v\ty  U  determined  by  the  formula,  as  9 :  20  : :  1  (the  specific  grayity 
of  water)  to  the  fourth  proportional  2.2222 :  so  that  the  specific 
gnvity  of  any  substance  is  found  by  dividing  its  weight  by  the  weight 
of  an  equal  volume  of  water.  It  is  easy  to  discover  the  weight  of 
equal  bulks  of  water  and  any  other  liquid  by  filling  a  small  bottle  of 
known  weight  with  each  successive!}',  and  weighing  them*.  The 
method  of  obtaining  the  necessary  data  in  case  of  a  solid  is  somewhat 
different.  The  body  is  first  weighed  in  air,  is  next  suspended  in  water 
by  means  of  a  hair  attached  to  the  scale  of  the  balance,  and  is  then 
weighed  again.  The  difierence  between  the  two  weights  gives  the 
weight  of  a  quantity  of  water  equal  to  the  bulk  of  the  solid.  This 
rule  is  founded  on  the  hydrostatic  law,  that  a  solid  body,  fully  im- 
mersed in  any  liquid,  weighs  precisely  so  much  less  than  it  does  in 
air  as  is  equal  to  the  weight  of  the  liquid  which  it  displaces ;  and  it  is 
obvious  that  the  liquid  so  displaced  is  exactly  of  the  same  dimensions 
as  the  solid.  Another  method  is  by  the  use  of  the  bottle  recommend- 
ed for  taking  the  specific  gravity  of  liquids.  After  weighing  the  bot- 
tle filled  with  water,  a  known  weight  of  the  solid  is  put  into  it,  which 
of  coarse  displaces  a  quantity  of  water  precisely  equal  to  its  own  vol- 
Qme.  The  exact  weight  of  the  displaced  water  is  found  by  weigh- 
ing the  bottle  again,  after  having  wiped  its  outer  surface  with  a  dry 
doth. 

The  determination  of  the  specific  gravity  of  gaseous  substances  is 
ID  operation  of  much  greater  delicacy.  From  the  extreme  lightness 
of  gases,  it  would  be  inconvenient  to  compare  them  with  an  equal 
bulk  of  water,  and  therefore  atmospheric  air  is  taken  as  the  standard 
of  comparison.  The  first  step  of  the  process  is  to  ascertain  the 
wei^t  of  a  given  volume  of  air.  This  is  done  by  weighing  a  very 
light  glass  fladc,  furnished  with  a  good  stopcock,  while  full  of  air ; 
and  then  weighing  it  a  second  time,  after  the  air  has  been  withdrawn 
by  means  of  die  air-pump.  The  difference  between  the  two  weights 
gives  the  information  required.  According  to  the  experiments  of  Sir 
Greorge  Shuckburgh,  100  cubic  inches  of  pure  and  dry  atmospheric 
air,  at  the  temperature  of  60°  F.  and  when  the  barometer  stands  at 
80  inches,  weigh  precisely  30.5  grainsf.  By  a  similar  method  the 
weight  of  any  other  gas  may  be  determined,  and  its  specific  gravity 
be  inferred  accordingly.  Thus,  suppose  100  cubic  inches  of  oxygen 
are  found  to  weigh  33.888  grains,  its  specific  gravity  will  be  thus  de- 
duced; as  80.5  :  33.888:  :  1  (the  sp.  gr.  of  air)  :  1.1111,  the  speci- 
fic gravity  of  oxygen. 

There  hre  four  circumstances  to  which  particular  attention  must  be 
paid  in  taking  the  specific  gravity  of  gases : — 

1.  The  gas  should  be  perfectly  pure,  otherwise  the  result  cannot 
be  accurate. 

2.  Due  regard  must  be  had  to  its  hygrometric  condition.     If  it  is 


*  Bottles  are  prepared  for  this  purpose  by  the  Pl^ilosophical  Instru- 
ment-makers. 

t  Dr  Prout  is  at  present  occupied  with  the  investigation  of  this  im- 
portant subject ;  and  though  he  has  not  yet  brought  his  researches  to 
a  conclusion,  he  permits  me  to  state  that  100  cubic  inches  of  pure  at- 
mospheric air,  at  60^  F.  and  30  inches  of  the  barometer,  weigh  at  least 
81  grains.  The  estimate  of  30.5  grains,  deduced  from  the  obsecva.- 
tions  of  Shuckburgh,  is,  therefore,  inaccurate. — Addendum  b^j  Dt 
2\urneK 
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Mturated  with  oiolfliiie*  the  Bteeinnr  cocraetUm  nay  be  made  tm 
that  circumatance  hj  the  fomola  page  w;  or  it  mom  be  dried  bf  tha 
uae  of  subftaneea  whidi  have  a  powerfid  attraetion  w  moiatmei  aoiii 
ai  the  chloride  of  calcium,  qnldklime,  or  fuaed  potaaaa. 

8.  As  the  buUc  of  gaaeoua  aobataacea^  owiBf  to  their  elMtleitj  mi 
compresaibilitjry  ia  dependent  oo  the  preaaure  to  which  they  aie  tfr 
poaed,  no  two  obaenrationa  admit  of  coaipariaott»  onleaa  made  uate 
tlie  aame  elevation  of  tlie  barometer.  It  ia  alwajra  tmderatood*  h 
taking  the  Bped&c  graTity  (tf  a  pa,  that  the  barometer  muat  ataad  at 
thirty  jj^hM,  by  wnich  meaaa  the  operator  ia  certain  tlial  each  na  if 
subject  to  equal  degreea  of  compreasion.  An  elevMloii  of  thirty  wh* 
es  is,  therefore,  called  the  atandard  height;  and  if  the  oaMeodii 
column  be  not  of  tliat  length  at  the  time  of  performing  tha  e«pad> 
moot,  the  error  arising  from  tliia  canae  moat  be  corrected  by  caMolip 
tion.  It  haa  been  eatabttahed  by  earefid  experhnent  tint  Uie  buk  if 
gases  is  inversely  as  the  preaaure*  Thoa,  100  meaaurea  of  air  andu 
the  pressure  of  a  thirty  hich  column  of  mercuiy»  will  dllale  la  M 
measures,  if  the  preaaure  be  diminhibed  by  one  liaif ;  and  will  be  oomf 
pressed  to  60  meaaurea,  when  the  preaaure  ia  double  or  equal  la  a 
mercurial  column  of  siity  Inchea.  The  conectioa  for  the  effkt  af 
pressure  may  tlierefore  he  made  by  the  title  (Mf  three*  aa  will  appear  by 
an  example.  If  a  certain  portion  of  gaa  occupy  the  apeee  of  Mi 
measures  at  twenty-nine  hichea  of  the  barometer,  ita  bulk  tt  thbtj 
inches  may  be  obtained  by  the  following  proportioo;  aa 

80:29:  :100:96.66. 


4.  For  a  similar  reason  the  temperature  should  alwaya  be  the 
The  standard  or  mean  temperature  ia  00**  F.  and  if  the  gaa  lie  adarf^ 
ted  into  the  weighing  flaak  when  tlie  thermometer  is  aM>re  or  belev 
that  point,  the  formula  of  page  86  ahould  be  employed  for  mating  tha 
necessary  correctioh. 

Chemistry  is  indebted  for  its  nomenclature  to  the  laboura  of  km 
celebrated  chemists,  Lavoisier,  BerthoUet,  Guy ton-Morveau,  and  Fe■^ 
croy.  The  principles  which  guided  them  in  its  construction  are  ezceed- 
iDgly  simple  and  iugeniotif.  The  known  elementary  aubataneea  and 
the  more  familiar  compound  onea  were  allowed  to  retain  the  appeVa* 
tioDs  which  general  usage  had  assigned  to  them.  The  newlv  diaoov* 
ered  elemenls  were  named  from  aome  striking  property.  Thua,  aa  h 
was  supposed  that  acidity  was  always  owing  to  the  presence  of  the 
vital  air  discovered  by  Priestley  and  Scheele,  they  gave  it  tlie  naata 
of  oxygen,  derived  from  two  Greek  worda  aignifying  generator  of 
acid ;  and  they  called  inflammable  air,  hydrogen,  from  the  cirewn* 
stance  of  its  entering  into  the  composition  of  water. 

Couipournds  with  which  oxygen  forms  a  part  were  called  aeidi  or 
oxidesy  according  as  they  do  or  do  not  possess  acidity.    An  oxide  of 
iron  or  copper  signifies  a  combination  of  those  metals  with  oxygen, 
wliich  has  no  acid  properties.    The  name  of  an  acid  waa  derived  mm 
the   substance  acidified  by  the  oxygen,  to  which  was  added  the  ter- 
mination in  ic.    Thus,  suiphuru;  and  carbonic  acids  signify  acid  com* 
pounds  of  sulphur  and  carbon  with  oxygen  gas.    If  sulphur  or  any 
otb^r  body  should  form  two  acids,  that  which  contains  the  leaat  quan- 
*itv  of  oxygen  is  made  to  terminate  in  oua,  as  sulphurous  acid.    Tha 
oation  in  uret  was  intended  to  denote  combinations  of  the  almpla 
*"a7y/c  substances,  either  with  one  ai\o\Vk<et«  with  &  metal,  or 
alai/jc  oxide.    Sulohtiret  and  caibiu'et  ol  Sxfvn^Vw  m»TO[^^ 
"^mpouada  of  aulpnur  and  cMbou  w.\ii  Vt«a.   TaA  ^^Skasn^ 
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or  gulpharets  of  the  same  substance  were  distinguished  from 
other  by  some  epithet,  which  was  commonly  derived  from  the 
of  the  compound,  sucli  as  the  blaclc  and  red  oxides  of  iron,  the 
uad  red  sulphurets  of  mercury.  Though  this  practice  is  still 
led  occasionally^  it  is  now  more  customary  to  distinguish  de- 
»f  oxidation  by  the  use  of  derivatives  from  the  Greek.  Pro- 
signifies  the  first  degree  of  oxidation,  deiUoside  jthe  second, 
le  the  third,  and  /peroxide  the  highest.    The  sulphurets,  car- 

&c.  of  the  same  substance  are  designated  in  a  similar  way. 
imbination  of  acids  with  alkalies,  earms,  or  metallic  oxides, 
Brmed  salts,  the  names  of  which  were  so  contrived  as  to  indi- 
e  8ul>stances  contained  in  them.  If  the  acidified  substance 
IS  a  maximum  of  oxygen,  the  name  of  the  salt  terminates  in 

a  minimum,  the  termination  in  ite  is  employed.  Thus,  the 
te,  phosphate,  and  arsenia/e  of  potassa,  are  salts  of  sufphurte, 
torie,  and  arsenic  acids ;  while  the  terms  sulphite,  phosphite, 
Beoite  of  potassa,  denote  combinations  of  that  alkali  with  the 
roue,  phosphorotis,  and  arsenioue  acids, 
advantage  of  a  nomenclature  which  disposes  the  different  parts 
ence  in  so  systematic  an  order,  and  gives  such  powerful  assist- 

0  the  memory,  is  incalculable.  The  principle  has  been  ac- 
tdged  in  all  countries  where  chemical  science  is  cultivated,  and 
utest  details  have  been  adopted  in  Britain.  It  must  be  admitted, 
,  that  in  some  respects  the  nomenclature  is  defective.  The 
»us  idea  of  oxygen  being  the  general  acidifying  principle,  has 
ed  an  injurious  influence  over  the  whole  structure.  It  would 
>een  convenient  also  to  have  had  a  different  name  for  hydro- 
But  it  is  now  too  late  to  attempt  a  change  ;  for  the  confusion 
ng  such  an  innovation  would  more  than  counterbalance  its  ad- 
Bs.  The  original  nomenclature  has  therefore  been  preserved, 
eh  additions  made  to  it  as  the  progress  of  the  science  rendered 
iry.  The  most  essential  improvement  has  been  suggested  by 
covery  of  the  laws  of  chemical  combination.  The  different 
rmed  of  the  same  constituents  were  formerly  divided  into 
I,  super,  and  sii6-salts.  They  were  called  neutral  if  the  acid 
lali  are  in  the  proportion  for  neutralizing  .one  another;  super- 
the  acid  prevails ;  and  sub-salts,  if  the  alkali  is  in  excess.    The 

1  now  regulated  by  the  atomic  constitution  of  the  salt.  If  it  be 
Dund  of  one  equivalent  of  the  acid  to  one  equivalent  of  the  al- 
D  generic  name  of  the  salt  is  employed  without  any  other  addi- 
ut  if  two  or  more  equivalents  of  the  acid  be  attached  to  one 
tase,  or  two  or  more  equivalents  of  the  base  to  one  of  the  acid, 
ral  is  prefixed  so  as  to  indicate  its  composition.  The  two  salts 
luric  acid  and  potassa  are  called  sulphate  and.&i-sulphate ;  the 
itaining  one  equivalent  of  the  acid  to  one  equivalent  of  the 
iDd  the  second  salt,  two  of  the  former  to  one  of  the  latter. 
ee  salts  of  oxalic  acid  and  potassa  are  termed  the  oxalate,  bin- 
,  and  guodroxalate  of  potassa ;  because  one  equivalent  of  the 
I  united  with  one  equivalent  of  acid  in  the  first,  with  two  in 
;ood,  and  with  four  in  the  third  salt.  As  the  numerals  which 
the  equivalents  of  the  acid  in  a  super-salt  are  derived  from  the 
anguage,  Dr  Thomson  proposes  to  employ  the  Greek  nume* 
#,  iris,  ietrdkis,  to  signify  the  equivalents  of  alkali  in  a  sub- 

method  is  in  the  true  spirit  of  the  original  framers  of  out  i\o\i\«tw* 
ChmniBtM  have  already  begun  to  apply  the  same  i^t\Tkt\\\«  Vo 
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other  compouodfl  besides  salts ;  SDd  there  can  be  no  doabt  that  it  liHD 
be  applied  uoi?ersally  wheaever  our  knowledfj^e  shall  be  in  a  state  to 
admit  of  its  introduction. 


SECTION  I. 

JiFFU^ITV. 

All  cbemfcal  phenomena  are  owine  to  Affinity  or  chemical  attraction. 
1 1  is  the  basis  on  which  the  science  of  chemistry  is  founded.  It  is,  as  it 
were,  the  instrument  which  the  chemist  employs  in  all  his  opeiatiflM, 
and  hence  forms  the  first  and  leading  object  of  his  study. 

Affinity  is  exerted  between  the  minutest  particles  of  diffisrent  kiodi 
of  matter,  causing  them  to  combine  so  as  to  form  new  bodies  endowed 
with  new  properties.  It  acts  only  at  insensible  distances ;  in  otiier 
words,  apparent  contact,  or  the  closest  proximity,  is  necessary  to  its 
action.  Every  thing  which  prevents  such  contiguity  is  an  obstacle  to 
combination,  and  any  force  which  increases  the  distance  between  pa^ 
tides  already  combined,  tends  to  separate  them  permanently  from  each 
other.  In  the  first  case,  they  do  not  come  within  the  sphere  of  their 
mutual  attraction ;  in  the  second,  they  are  removed  out  of  it.  It  fol' 
lows,  therefore,  that  though  affinity  is  regarded  as  a  specific  power, 
distinct  from  the  other  forces  which  act  on  matter,  its  action  may  be 
promoted,  modified,  or  counteracted  by  several  circumstances ;  and 
consequently,  in  studying  the  phenomena  produced  by  affinity,  it  if 
necessary  to  inquire  into  the  conditions  that  influence  its  operation. 

The  most  simple  instance  of  the  exercise  of  chemical  attraction  is 
afforded  by  the  mixture  of  two  substances  with  one  another.  Water 
and  sulphuric  acid,  or  water  and  alcohol,  combine  readily.  On  the 
contrary,  water  shows  little  diaposition  to  unite  with  sulphuric  ether, 
and  still  less  with  oil ;  for  however  intimately  their  particles  may  be 
mixed  together,  they  are  no  sooner  left  at  rest  than  the  ether  sepaiatQi 
almost  entirely  from  the  water,  and  a  total  separation  takes  place  be- 
tween that  fluid  and  the  oil.  Sugar  dissolves  very  sparingly  in  alco- 
hol, but  to  any  extent  in  water ;  while  camphor  is  dissolved  in  very 
small  quantity  by  water,  and  abundantly  by  alcohoK  It  appears,  from 
these  examples,  that  chemical  attraction  is  exerted  between  diffiNeot 
bodies  with  difiereut  degrees  of  force.  There  is  sometimes  no  proof 
of  its  existence  at  all ;  between  some  substances  it  acts  very  feeblyi 
and  between  others  with  great  energy. 

Simple  combination  of  two  particles  is  a  common  occurrence.  The 
solution  of  salts  in  water,  the  combustion  of  phosphorus  in  ozygenffai» 
and  the  neutralization  of  a  pure  alkali  by  an  acid,  are  instances  oTths 
kind.  The  phenomena  however  are  often  more  complex.  It  fie- 
quently  happens  that  the  formation  of  a  new  compound  is  attended  bjT 
the  destruction  of  an  existing  one.  The  only  condition  necessary  £x 
this-effect,  is  the  presence  of  some  third  body  which  has  a  greater 
affinity  for  one  of  the  elements  of  a  compound  than  they  have  foreub 
other.  Thus,  oil  has  an  affinity  for  the  volatile  alkali,  ammonia,  aid 
will  unite  with  it,  forming  a  soapy  substance  called  a  liniment  But 
the  ammonia  has  a  stiU  greater  attraction  for  sulphuric  acid ;  andbieee 
if  this  acid  be  added  to  the  Vmvmeiil,  l\ke  iKink>i  ^ir^  ^1  the  oil»iDd 
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unite  by  pieferenee  with  the  acid.  If  a  solutioQ  of  eamphor  in  alco- 
hol be  poured  into  water,  the  camphor  will  be  aet  free,  because  the 
alcohol  combinea  with  the  water.  Sulphuric  acid,  in  lilra  manner,  se- 
parates baryta  from  muriatic  acid.  Combination  and  decomposition 
occur  in  each  of  these  cases ; — combination  of  sulphuric  acid  with 
ammonia,  of  water  with  alcohol,  and  of  baryta  with  sulphuric  acid ; — 
decomposition  of  the  compounds  formed  of  oil  and  ammonia,  of  alco* 
hoi  and  camphor,  and  of  muriatic  acid  and  baryta.  ThMe  are  exam- 
ples of  what  Bergmann  called  single  eledioe  a^t(y;— elective,  be- 
cause a  substance  manifests,  as  it  were,  a  choice  for  one  of  two  others, 
uniting  with  it  by  preference,  and  to  the  exclusion  of  the  other.  Many 
of  the  decompositions  that  occur  in  chemistry  are  instances  of  single 
elective  afllnity. 

The  Older  in  which  these,  decompositions  take  place  has  been  ex- 
pressed in  tables ;  of  which  the  following,  drawn  up  by  Geofiroy,  is  an 
example  :— 

Stilpkurie  Add, 

Baryta, 

Strontia, 

Potassa, 

Soda, 

Lime, 

Ammonia, 

Magnesia. 

This  table  signifies,  first,  that  sulphuric  add  has  an  affinity  for  the 
•abstances  placed  below  the  horizontal  line,  and  may  unite  separately 
with  each ;  and,  secondly,  that  the  basis  of  the  salts  so  formed  will  be 
separated  from  the  acid  by  adding  any  of  the  alkalies  or  earths  which 
stand  above  it  in  the  column.  Thus  ammonia  will  separate  magnesia, 
lime  ammonia,  and  potassa  lime  ;  but  none  can  withdraw  baryta  from 
sulphuric  add,  nor  can  ammonia  or  magnesia  decompose  the  sulphate 
of  lime,  though  strontia  or  baryta  will  do  so.  Bergmann  conceived 
that  these  decompositions  are  solely  determined  by  chemical  attraction, 
and  that  consequently  the  order  of  decomposition  represents  the  com« 
parattve  forces  of  afi&nity ;  and  this  view,  from  the  simple  and  natural 
explanation  it  affords  of  the  phenomenon,  was  for  a  time  very  generally 
adopted.  But  Bergmann  was  in  error.  It  does  not  necessarily  follow, 
because  lime  separates  ammonia  from  sulphuric  acid,  that  the  lime 
has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a 
degree,  that  it  is  impossitde  to  discover  how  much  of  the  effect  is  ow- 
ing to  that  power.  It  is  conceivable  that  ammonia  may  in  reality  have 
a  stronger  attraction  for  sulphuric  acid  than  lime,  and  yet  the  latter, 
from  the  great  influence  of  disturbing  causes,  may  succeed  in  decom- 
posing the  sulphate  of  ammonia. 

The  justness  of  the  foregoing  remark  will  be  made  obvious  by  the 
following  example. — When  a  stream  of  hydrogen  gas  is  passed  over 
the  oxide  of  iron  lieated  to  redness,  the  oxide  is  reduced  to  the  metal- 
lic state  and  water  is  generated.  On  the  contrary,  when  watery  va- 
pour is  brought  into  contact  with  red-hot  metallic  iron,  the  oxygen 
of  the  water  quits  the  hydrogen  and  combines  with  the  iron.  It  fol- 
lows from  the  result  of  the  first  experiment,  according  to  Bergmann, 
that  hydrogen  has  a  stronger  attraction  than  iron  for  ok^^^ea^  ^n^lxovcv 
that  of  the  Becond,  that  iroo  has  a  greater  affinity  for  oiL^f^en  vW\iYv^- 
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drogeo.  But  thete  inferences  are  incompatible  with  one  another. 
The  affinity  of  .oxygen  for  the  two  elements  hydrogen  and  iron,  must 
either  be  equal  or  unequal.  If  equal,  the  result  of  both  experimeoti 
was  determined  by  modifying  circumstances ;  since  neither  of  these 
substances  ought  on  this  supposition  to  take  oxygen  from  the  other. 
But  if  the  forces  are  unequal,  the  decomposition  in  one  of  the  experi- 
ments must  have  t>een  determined  by  extraneous  causes  in  direct  op- 
position to  the  tendeni:y  of  affinity. 

To  Berthollet  is  due  the  honour  of  pointing  out  the  fallacy  of  Berg- 
mann's  opinion.  He  was  the  first  to  show  that  the  relative  forces  of 
chemical  attraction  cannot  always  be  determined  by  observing  the  or- 
der in  which  substances  separate  each  other  when  in  combination,  and 
that  the  tables  of  Greoffroy  are  merely  tables  of  decomposition,  not  of 
affinity.  He  likewise  traced  all  the  various  circumstances  that  modi- 
fy the  action  of  affinity,  and  gave  a  consistent  explanation  of  the  mode 
in  which  they  operate.  Berthollet  went  even  a  step  further.  He  de- 
nied the  existence  of  elective  affinity  as  an  invariable  force,  capable 
of  effecting  the  perfect  Reparation  of  one  body  from  another;  he  main- 
tained that  all  the  instances  of  complete  decomposition  attributed  to 
elective  affinity  are  in  reality  determined  by  one  or  more  of  the  col* 
lateral  circumstances  that  influence  its  operation.  But  here  tlds  acott 
philosopher  has  surely  gone  too  far.  Bergmann  is  admitted  to  Inti 
erred  in  supposing  the  result  of  chemical  action  to  be  in  every  ease 
owing  to  elective  affinity ;  but  Berthollet  certainly  ran  into  the  oppo- 
site extreme  in  declaring  that  the  effects  formerly  ascribed  to  that  pow- 
er are  never  produced  by  it  That  chemical  attraction  is  exerted  be- 
tween bodies  with  different  degrees  of  energy  is,  I  conceive,  indiiptt- 
table.  Water  has  a  much  greater  affinity  for  muriatic  acid  and  ammo- 
niacal  gases  than  for  carbonic  acid  and  sulphuretted  hydrogen,  and  ibr 
these  than  for  oxygen  and  hydrogen.  The  attraction  of  lead  for  oiy- 
gen  is  greater  than  that  of  silver  for  the  same  substance.  The  diipo- 
sition  of  gold  and  silver  to  combine  with  mercury,  is  greater  than  the 
attraction  of  platinum  and  iron  for  that  fluid.  As  these  diflereneei 
cannot  be  accounted  for  by  the  operation  of  any  modifying  causes,  we 
must  admit  a  difference  in  the  force  of  affinity  in  producing  combuia- 
tion.  It  is  equally  clear  that  in  some  instances  the  separation  of  bo- 
dies from  one  another  can  only  be  explained  on  the  same  pooeiple. 
No  one,  I  conceive,  will  contend  that  the  decomposition  of  hydriodie 
acid  by  chlorine,  or  of  sulphuretted  hydrogen  by  iodine,  is  determined 
by  the  concurrence  of  any  modifying  circumstances. 

Affinity  is  the  cause  oi  still  more  complicated  changes  than  those 
which  have  been  just  considered.  In  a  case  of  single  elective  affinity 
three  substances  only  are  present,  and  two  affinities  are  in  play.  But 
it  frequently  happens  that  two  compounds  are  mixed  together,  and 
four  different  affinities  brought  into  action.  The  changes  mat  may  or 
do  occur  under  these  circumstances  are  most  conveniently  studied  bf 
aid  of  a  diagram, — a  method  which  was  first  employed,  I  believe,  bj 
Dr  Black,  and  has  since  been  generally  practised.  Thus  in  mixing  to- 
gether a  solution  of  the  carbonate  of  ammonia  and  muriate  ofniiie, 
their  mutual  action  may  be  represented  in  the  following  manner: 
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Carbonic  Acid  Ammonia. 


•        • 


Muriatic  Add  Lime. 

> , » 

£ach  of  tlie  acids  has  an  attraction  for  botli  bases,  and  hence  it  is  pos- 
sible either  that  the  two  salts  should  continue  as  they  are,  or  that  an 
interchange  of  principles  should  ensue,  givins  rise  to  two  new  com- 
pounds,—^le  carbonate  of  lime  and  muriate  of  ammonia.  According 
to  the  views  of  Bere:mann  the  result  is  solely  dependent  on  the  com- 
parative Btren^h  of  afiKnities.  If  the  affinihr  of  carbonic  acid  for  am- 
monia, and  or  muriatic  acid -for  lime,  exceed  that  of  carbonic  acid  for 
lime,  added  to  that  of  muriatic  acid  for  ammonia,  then  will  the  two 
salts  experience  no  change  whatever ;  but  if  the  latter  affinities  pre- 
ponderate, then,  as  does  actually  happen  in  the  present  example,  both 
the  original  salts  will  be  decomposed,  and  two  new  ones  generated. 
Two  decompositions  and  two  combinations  take  place,  being  an  in- 
stance of  what  is  called  double  elective  affinity.  Mr  Kirwan  applied 
the  terms  quiescent  and  divellent  to  denote  the  tendency  of  the  op- 
posing affinities,  the  action  of  the  former  being  to  prevent  a  change,  the 
latter  to  produce  it. 

The  doctrine  of  double  elective  affinity  was  assailed  by  Berthollet 
on  the  same  ground  and  with  the  same  success  as  in  the  case  of  single 
elective  attraction.  He  succeeded  in  proving  that  the  effect  cannot 
always  be  ascribed  to  the  sole  influence  of  affinity.  For,  to  take  the 
example  already  adduced,  if  carbonate  of  ammonia  decompose  muriate 
of  lime  by  the  mere  force  of  a  superior  attraction,  it  is  manifest  that 
carbonate  of  lime  ought  never  to  decompose  muriate  of  ammonia,'  But 
if  these  two  salts  are  mixed  in  a  dry  state  and  exposed  to  heat,  double 
decomposition  does  take  place,  carbonate  of  ammonia  and  muriate  of 
lime  being  formed ;  and  therefore  if  the  change  in  the  first  example 
was  produced  by  chemical  attraction  alone,  that  in  the  second  must 
have  occurred  in  direct  opposition  to  that  power.  It  does  not  follow, 
however,  because  the  result  is  sometimes  determined  by  modifying 
conditions,  that  it  must  always  be  so.  I  apprehend  that  the  decom- 
position of  the  solid  cyanuret  of  mercury  by  sulphuretted  hydrogen 
gas,  which  takes  place  even  at  a  low  temperature,  cannot  be  ascribed 
to  any  other  cause  than  a  preponderance  of  the  divellent  over  the 
quiescent  affinities. 
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On  the  Changes  that  accompany  Chemical  Action. 

Tlie  leading  cifcumstance  that  characterises  chemical  action  is  tlie 
loss  of  properties  experieocecl  by  the  combining  substances,  and  As 
acquisition  of  new  ones  by  the  product  of  their  combination.    Tlie 
change  of  property  is  sometimes  inconsiderable.     In  a  solution  of 
sugar  or  salt  in  water,  and  in  mixtures  of  water  with  alcohol  or 
sulphuric  acid,  the  compound  retains  so  much  of  the  character  of  Iti 
constituents,  that  there  is  no  difficulty  in  recognising  their  presenes. 
But  more  generally  the  properties  of  one  or  both  of  tlie  combloiig 
bodies  disappear  entirely.    No- ingenuity  could  guess,  apriorit  that 
water  is  a  compound  body,  much  less  that  it  is  composed  of  two  gam, 
oxygen  and  hydrogen,  neither  of  which,  when  uncombined,  has  ever 
been  compressed  into  a  liquid.    Hydrogen  is  one  of  the  most  inftun- 
mable  substances  in  nature,  and  yet  water  cannot  be  set  on  fire ;  oxy- 
gen, on  the  contrary,  enables  bodies  to  bum  with  great  brilliancy,  and 
yet  water  extinguishes  combustion.    The  alkalies  and  earths  -were  re- 
garded as  simple  till  ^ir  H.  Davy  proved  them  to  be  compound,  and 
certainly  they  evince  no  sign  whatever  of  containing  oxygen  and  i 
metal.    Numerous  examples  of  a  similar  kind  are  afforded  by  the  ac- 
tion of  acids  and  alkalies  on  one  another.    Sulphuric  acid  and  poCaai, 
for  example,  are  highly  caustic.    The  former  is  intensely  sour,  red- 
dens the  blue  colour  of  vegetables,  and  has  a  strong  affinity  for  alkayne 
substances ;  the  latter  has  a  pungent  taste,  converts  the  blue  colour  of 
vegetables  to  green,  and  combines  readily  with  acids.    On  addinc 
these  principles  cautiously  to  one  another,  a  compound  result  c^Im 
a  neviral  salt,  which  does  not  in  any  way  affect  the  colouring  matter 
of  plants,  and  in  which  the  other  distinguishing  features  of  the  add 
and  alkali  can  no  longer  be  perceived.    They  appear  to  have  destroys 
ed  the  properties  of  each  other,  and  are  hence  said  to  neutrcUixe  one 
another. 

The  other  phenomena  that  acccompany  chemical  action  are  changes 
of  density,  temperature,  form,  and  colour. 

1.  It  is  observed  that  two  bodies  rarely  occupy  the  same  space  after 
combination  as  they  did  separately.  In  general  their  bulk  is  dimin- 
ished, so  that  the  specific  gravity  of  the  new  body  is  greater  than  tlie 
mean  of  its  components.  Thus  a  mixture  of  100  measures  of  watK 
and  an  equal  quantity  of  sulphuric  acid  do  not  occupy  the  space  of 
200  measures,  but  considerably  less.  A  similar  contraction  frequeatly 
attends  the  combination  of  solids.  Gases  often  experience  a  remarki- 
ble  condensation  when  they  unite.  The  elements  of  olefiant  gas,  for 
instance,  would  expand  to  four  times  the  bulk  of  that  compound,  if 
they  were  suddenly  to  become  free,  and  assume  the  gaseous  form* 
But  the  rule  is  not  without  exception.  The  reverse  happens  in  some 
metallic  compounds ;  and  there  are  examples  of  combination  betireeo 
gases  without  any  change  of  bulk. 

2.  A  change  of  temperature  generally  accompanies  chemical  actkM. 
Caloric  is  evolved  either  when  there  is  a  diminution  in  the  bulk  of  the 
combining  substances  without  a  change  of  form,  or  when  a  gas  is  con- 
densed into  a  liquid,  or  when  a  liquid  becomes  solid.  The  hett 
caused  by  mixing  sulphuric  acid  with  water  is  an  instance  of  the 
former;  and  the  common  process  of  slacking  lime,  during  which  water 
loses  its  liquid  form  in  combining  with  that  earth,  is  an  example  of 
the  second.    The  rise  of  temperature  in  these  cases  is  obviously  re- 

fenble  to  a  diminution  in  the  capacM^  ol  \^«  ^ckc^  ^i(km^^>&stil  foe 
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;  bat  an  intense  deg^e  of  beat  sometimes  •ccompanies  cbemi- 
ion  under  circumstances  in  which  an  explanation  founded  od  a 

of  specific  caloric  is  quite  inadmissible.  At  present  it  is 
I  to  have  stated  the  fact ;  the  theory  of  it  will  be  discussed 
he  subject  of  combustion.  The  production  of  cold  seldom  or 
akes  place  during  combioation,  except  when  the  specific  calorie 
enly  increased  by  the  conversion  of  a  solid  into  a  liquid,  or  a 
Dto  a  eas.  All  the  frigorific  mixtures  act.in  this  way. 
rhe  changes  of  form  that  attend  chemical  action  are  ez- 
^ly  various.  The  combination  of  gases  may  give  rise  to  a  liquid 
id ;  solids  sometimes  become  liquid,  or  liquids  solid.     Several 

chemical  phenomena,  such  as  explosions,  effervescence,  and 
Ations,  are  owing  to  these  changes.  The  sudden  evolution  of 
quantity  of  gaseous  matter  occasions  an  explosion,  as  when 
rder  detonates.  The  slower  disengagement  of  gas  causes  offer- 
ee, as  occurs  when  marble  is  put  into  muriatic  acid.  A  preci- 
s  owing  to  the  formation  of  a  new  body  which  happens  to  t>e 
le  in  the  liquid  in  which  its  elements  were  dissolved, 
be  colour  of  a  compound  is  frequently  quite  difierent  from  that 
ubstances  by  which  it  is  formed.  There  does  not  appear  to  be 
form  relation  between  the  colour  of  a  body  and  that  of  its  ele- 
so  that  it  is  not  possible  to  anticipate  the  colour  of  any  parti- 
unpound  by  knowing  the  principles  which  enter  into  its  cora- 
ls Iodine,  whose  vapour  is  of  a  violet  hue,  forms  a  beautiful 
ipound  with  mercury,  and  a  yellow  one  with  lead.  The  brown 
f  copper  generally  gives  rise  .to  green  and  blue  coloured  salts : 
he  salts  of  the  oxide  of  lead,  which  is  itself  yellow,  are  for 
It  part  colourless.  The  colour  of  precipitates  Is  a  very  im- 
study,  as  it  often  enables  the  chemist  to  distinguish  bodies 
le  another  when  in  solution. 

\e  Circumstances  thai  modify  and  influence  the 
Operation  of  Affinity. 

e  conditions  which  are  capable  of  promoting  or  counteracting 
lency  of  chemical  attraction,  the  following  are  the  most  im- 
;— cohesion,  elasticity,  quantity  of  matter,  and  gravity.  To 
Ay  be  added  the  agency  of  the  imponderables. 

Cohesion, 

Srst  obvious  effect  of  cohesion  Is  to  oppose  affinity,  by  imped- 
treventing  that  mutual  penetration  and  close  proximity  of  the 
B  of  different  bodies,  which  is  essential  to  the  successful  exer- 
their  attraction.  For  this  reason  bodies  seldom  act  chemically 
solid  state  ;  their  molecules  do  not  come  within  the  sphere  of 
3n,  and  therefore  combination  cannot  take  place,  although 
inity  may  in  fact  be  considerable.  Liquidity,  on  the  contrary, 
chemical  action ;  it  permits  the  closest  possible  approximation, 
le  cohesive  power  is  comparatively  so  trifling  as  to  oppose  no 
ible  barrier  to  affinity. 

sion  may  be  diminished  In  two  ways,  by  mechanical  division, 
le  application  of  heat.    The  former  is  useful  by  increasing  the 
if  surface  :  but  it  is  not  of  itself  in  general  sufficient,  bec^^%« 
tides,  however  miauie,  still  retain  that  degree  of  eoVi«c\ovi 
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which  coDititotas  lolidity-  Calorie  acts  with  grettar  eflfeet,  and  wtm 
Mb  io  promoting  combination,  whenever  Ine  coheaive  power  li  • 
barrier  to  it.  Its  intensity  should  always  be  so  regulmt»d  as  Io  pt* 
dace  liquefaction.  It  is  often  enough  to  liquefy  one  of  the  sobfta* 
ees,  as  is  proved  by  the  facility  with  which  water  disaolTM  mmf 
salts  and  other  solid  bodies.  But  it  is  easy  to  perceiTe  that  the  e^ 
hesive  power  is  still  in  operation :  for  a  solid  is  eomnionlf  diasohgdti 
greater  quantity  when  its  cohesion  is  diminished  fajr  caloiie.  The  i^ 
duction  of  both  substances  to  the  liquid  state  ia  the  best  method  hi 
ensuring  chemical  action.  The  slight  degree  of  cohesion  peiilMil 
by  liquids  does  not  appear  to  cause  any  impediment  to  eomUnitioi; 
for  they  commonly  act  as  energetically  on  each  other  atlowtM^^ai> 
tures,  or  at  a  temperature  just  sufficient  to  eanse  perfect  Wquflfcmhii 
as  when  their  cohesive  power  is  still  further  dimhiished  hw  calorie.  It 
seems  fair  to  infer,  therefore,  that  very  little,  if  any,  affinity  eiMi  1^ 
tween  two  bodies,  which  do  not  combine  when  they  are  IntiMililf 
mixed  in  a  liquid  state. 

The  phenomena  of  crystallization  are  owing  Co  the  aacendMcyil 
cohesion  over  affinity.  When  a  large  quantity  of  salt  has  taasn  di^ 
solved  in  water  by  the  aid  of  beat,  part  of  the  saline  matter  geaaJlf 
separates  as  the  solution  cools,  because  the  cohesive  power  sf  m 
salt  then  becomes  comparatively  too  powerful  for  chemical  attiaetai 
Its  particles  begin  to  cohere  together,  and  are  depostled  In  eiyitJii 
the  process  of  crystallization  continuing  till  it  \w  arrested  by  the  iM* 
ty  of  the  liquid.  A  similar  change  happens  when  a  solatkm  made  li 
the  cold  is  gradually  evaporated.  The  cohesion  of  the  saline  paitidii 
is  DO  longer  counteracted  by  the  affinity  of  the  liquid,  and  the  nK 
therefore  assumes  the  solid  form. 

Cohesion  plays  a  still  more  important  part.  It  somethnea  det«> 
mines  the  result  of  chemical  action,  probably  even  hi  oppoMoe  (• 
affinity.  Thus,  on  mixing  together  a  solution  of  two  acids  and  oai 
alkali,  of  which  two  salts  may  be  formed,  one  soluble  and  the  ottv 
insoluble,  the  alkali  will  unite  with  that  acid,  with  which  It  fomsthe 
insoluble  compound,  to  the  total  exclusion  of  the  other.  Tfais  ii  oae 
of  the  modifying  circumstances  employed  by  Berthollet  to  aeeovt 
for  the  phenomena  of  single  elective  attraction,  and  it  certabdy  is  ij^ 
plicable  to  many  of  the  instances  to  be  found  in  the  tables  of  affinal* 
when,  for  example,  muriatic  acid,  sulphuric  acid*  and  bai3rta»ait 
mixed  together,  the  sulphate  of  baryta  is  formed  in  consequence  of 
its  insolubility.  Lime,  which  yields  an  insoluble  salt  with  cariMnie 
acid,  separates  that  acid  from  ammonia,  potassa,  and  soda,  with  all  of 
which  it  makes  soluble  compounds. 

A  similar  explanation  may  be  given  of  manv  cases  of  doaUa  6l•^ 
tive  attraction.  On  mixing  together  in  solution  four  sobetances,  A| 
B,  C,  D,  of  which  it  is  possible  to  form  four  compounds,  AB  and  CDi 
or  AC  and  BD,  that  compound  will  certainly  be  produced  which  hip- 
pens  to  be  insoluble.  Thus  sulphuric  acid,  soda,  muriatic  add,  aad 
baryta,  may  give  rise  either  to  sulphate  of  soida  and  muriate  of  buyfii 
or  sulphate  of  baryta  and  muriate  of  soda ;  but  the  first  two  laltaeiB- 
not  exist  toother  in  the  same  liquid,  because  tibe  Insoluble  aolpbtle 
of  baryta  is  mstantly  generated,  and  its  formation  necessarily  caooN 
the  muriatic  acid  to  combine  with  the  soda.  In  like  manner,  mod- 
ate  of  lime  is  decomposed  by  carbonate  of  ammonia,  in  oonseqasBee 
of  the  insolubility  of  carbonate  of  lime. 

To  comprehend  the  manner  in  which  cohesion  acts  in  these  initanees, 
it  18  DecesBury  fo  consider  what  takea  \!V^^  w\i«ti\iiii!^  «ame  HqaM 


Affinity.  \  09 

fo  or  more  coropoands  are  brought  together,  which  do  not  give  rise 
an  intoluble  substance.  Thus  on  mixing  solutions  of  sulphate  of 
iCassa  and  muriate  of  soda,  no  precipitate  ensues;  because  the  salts 
pable  of  being  formed  by  double  decomposition,  sulphate  of  soda 
d  muriate  of  potassa,  are  likewise  soluble.  In  this  case  it  is  possi- 
3  either  that  each  acid  may  be  confined  to  one  base,  so  as  to  con- 
fute two  neutral  salts ;  or  that  each  acid  may  be  divided  between 
th  bases,  yielding  fonr  neutral  salts.  It  is  difficult  to  decide  this 
•int  in  an  unequivocal  manner ;  but  judging  from  many  chemical 
lenomena,  there  can,  I  apprehend,  be  no  doubt  that  the  arrangement 
It  mentioned  is  the  most  frequent,  and  is  probably  universal  when- 
'er  the  relative  forces  of  affinity  are  not  very  unequal.  When  two 
:id8  and  two  bases  meet  together  in  neutralizing  proportion,  it  may 
terefore  be  inferred,  that  each  acid  unites  with  both  the  bases  In  a 
anner  regulated  by  their  respective  forces  of  affinity,  and  that  four 
tits  are  contained  in  solution.  In  like  manner  the  presence  of  three 
:lds  and  three  bases  will  give  rise  to  nine  salts ;  and  when  four  of 
ftch  are  present,  sixteen  salts  will  be  produced.  This  view  affords 
le  most  plausible  theory  of  the  constitution  of  mineral  waters,  and  of 
le  products  which  they  yield  by  evaporation. 
The  influence  of  insolubility  in  determining  the  result  of  chemical 
ction  maybe  readily  explained  on  this  principle.  If  muriatic  acid, 
ulphuric  acid,  and  baryta  are  mixed  together  in  solution,  the  base 
nay  be  conceived  to  be  at  first  divided  between  the  two  acids,  and 
he  muriate  and  sulphate  of  baryta  to  be  generated.  The  latter  being 
Dsoluble  is  instantly  removed  beyond  the  influence  of  the  muriatic 
eid,  so  that  for  an  instant  muriate  of  baryta  and  free  sulphuric  acid 
emain  in  the  liquid ;  but  as  the  base  left  in  solution  is  again  divided 
«tween  the  two  acids,  a  fresh  quantity  of  the  insoluble  sulphato  is 
(enerated;  and  this  process  of  partition  continues,  until  either  the 
laiyta  or  the  sulphuric  acid  is  withdrawn  from  the  solution.  Similar 
:hange8  ensue  when  muriate  of  baryta  and  sulphate  of  soda  are 
nixed. 

The  separation  of  salts  by  crystallization  from  mineral  waters  or 
>ther  saline  mixtures  is  explicable  by  a  similar  mode  of  reasoning. 
TI1U8  on  mixing  muriate  of  potassa  and  sulphate  of  soda,  four  salts 
iccording  to  this  view  are  generated,  namely,  the  sulphates  of  soda 
md  potassa,  and  the  muriates  of  those  bases;  and  if  the  solution  be 
lUowed  to  evaporate  gradually,  a  point  at  length  arrives  when  the 
least  soluble  of  these  salts,  the  sulphate  of  potassa,  will  be  disposed 
to  crystallize.  As  soon  as  some  of  its  crystals  are  deposited,  and  thus 
withdrawn  from  the  influence  of  the  other  salts,  the  constituents  of 
these  undergo  a  new  arrangement,  whereby  an  additional  quantity  of 
the  sulphate  of  potassa  is  generated  ;  and  this  process  continues  until 
the  greater  part  of  the  sulphuric  acid  and  potassa  has  combined,  and 
the  compound  removed  by  crystallization.  If  the  difference  in  solu- 
bility is  considerable,  the  separation  of  salts  may  be  often  rendered 
very  complete  by  this  method. 

The  efflorescence  of  a  salt  is  sometimes  attended  with  a  similar  re- 
iolt.  If  carbonate  of  soda  and  muriate  of  lime  are  mingled  together 
in  solution,  double  decomposition  takes  place,  and  the  insoluble  car- 
bonate of  lime  subsides.  But  if  carbonate  of  lime  and  sea-salt  are 
mixed  in  the  solid  state,  and  a  certain  degree  of  moisture  is  present,  a 
mutual  interchange  of  the  constituents  ensues.  Carbonate  of  soda, 
lod  muriate  of  lime,  are  slowly  generated ;  and  as  the  fortneT,  ^9  soow 
•s  it  is  formed,  separates  itself  from  the  mixture  by  efftoieaeeiice,'vV% 
production  continues  progressively.     The  efflorescence  ol  CM\i^iU^Vft 
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of  soda,  which  is  sometimes  seen  oq  old  walls,  or  which  in  soma  conn* 
tries  is  found  on  the  soil,  appears  to  have  origintted  in  this  min- 
ner. 

Elasticity. 

From  the  obstacle  which  cohesion  puts  in  the  way  of  affinity,  tlM 
gaseous  state  in  which  the  cohesive  power  is  wholly  wanting,  Bight 
be  expected  to  be  peculiarly  favourable  to  chemical  action.  The  re- 
verse, however,  is  the  fact.  Bodies  evince  little  disposition  to  anitB 
when  presented  to  each  other  in  the  elastic  form.  Combination  doai 
indeed  sometimes  take  place,  in  consequence  of  a  very  eneigetie  at- 
traction ;  but  examples  of  an  opposite  kind  are  much  more  eommoo. 
Oxygen  and  hydrogen  gases,  and  chlorine  and  hydrogen,  though  tliek 
mutual  affioity  is  very  powerful,  may  be  preserved  together  for  soy 
length  of  time  without  combioine.  This  want  of  action  seems  to 
arise  from  the  distance  between  the  particles  preventing  tliat  dose 
approximation  which  is  so  necessary  to  the  successful  exercise  of  af* 
finity.  Hence  many  gases  cannot  be  made  to  unite  directly,  whick 
nevertheless  combine  readily  while  in  their  fuisccn/ state ;  tliatii, 
while  in  the  act  of  assuming  the  gaseous  form  by  the  decompositioD 
of  some  of  their  solid  or  fluid  combinations. 

Elasticity  operates  likewise  as  a  deconoposing  agent.  If  two  gases, 
whose  reciprocal  attraction  is  feeble,  suffer  considerable  condensatioB 
when  they  unite,  the  compound  will  be  decomposed  byveiyslifi^ 
causes.  The  chloride  of  nitrogen,  which  is  an  oily-like  liquid,  com- 
posed of  the  two  gases,  chlorine  and  nitrogen,  answers  this  desciiptkMi 
completely ;  and  it  is  remarkable  for  being  the  most  explosive  sub- 
stance hitherto  discovered.  A  slight  elevation  of  temperature,  by  in- 
creasing the  natural  elasticity  of  the  two  gases,  or  the  contact  of  sab- 
stances  which  have  an  affinity  for  either  of  them,  produces  an  immedi- 
ate explosion. 

Many  familiar  phenomena  of  decomposition  are  owing  to  elasticity. 
All  compounds  that  contain  a  volatile  and  a  fixed  principle,  are  liable 
to  be  decomposed  by  a  high  temperature.  The  expansion  occasiooed 
by  caloric  removes  the  elements  of  the  compound  to  a  greater  distance 
from  one  another,  and  thus,  by  diminishing  the  force  of  chemical  at- 
traction, favours  the  tendency  of  the  volatile  principle  to  assume  tiis 
form  which  is  natural  to  it.  The  evajjoration  of  water  from  a  solution 
of  salt  is  an  histance  of  this  kind.      "^ 

Many  solid  substances  which  contain  water  in  a  state  of  intimate 
combination,  part  with  it  in  a  strong  heat,  in  consequence  of  the  volt- 
tile  nature  of  that  liquid.  The  separation  of  oxygen  from  some  metals, 
by  beat  alone,  is  explicable  on  the  same  principle. 

It  appears  from  these,  and  some  preceding  remarks,  that  the  in- 
fluence of  caloric  over  affinity  is  variable ;  for  at  one  time  it  promotes 
chemical  union,  and  opposes  it  at  another.  Its  action,  however,  is 
always  consistent.  Whenever  the  cohesive  power  is  an  obstacle  to 
combination,  caloric  favours  affinity,  as  by  diminishing  the  cohesion 
of  a  solid,  or  by  converting  a  solid  into  a  liquid.  As  the  cause  of  the 
gaseous  state,  on  the  contrary,  it  keeps  at  a  distance  particles  which 
would  otherwise  unite ;  or  by  producing  expansion,  it  tends  to  sept- 
rate  substances  from  one  another,  which  are  already  combined.  Tbsie 
is  one  effect  of  caloric  which  seems  somewhat  anomalous  ;  namely» 
the  combination  which  ensues  in  gaseous  explosive  mixtures  on  the  ap- 
proacb  of  flame.  The  exp\analioii  i^ven  V>^  ^«x\.VvQ\V«t  is  probably  eor- 
rect, — that  the  sudden  dilatation  ol  lYie  f^«Aea\A  ^^SsMu^^vtXft'^jtf^ 
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ty  of  the  flame,  acts  as  a  Tiolent  compreasini^  power  to  the  coDtigu- 
0118  portions,  and  thus  brings  them  within  the  sphere  of  their  attrac- 
tion. 

Some  of  the  decompositions,  which  were  attributed  by  Bergmann 
to  the  sole  influence  of  elective  affinity,  may  be  ascribed  to  elasticity. 
If  fliree  substances  are  mixed  together,  two  of  which  can  form  a  com* 
pound  which  is  less  volatile  than  ttie  third  body,  the  last  will,  in  gene- 
ral, bo  completely  driven  off  by  the  application  of  heat.  The  decom- 
position of  the  muriate  or  any  of  the  salts  of  ammonia,  by  lime  or  the 
pure  alkaKes  or  alkaline  earths,  may  be  adduced  as  an  example ;  and  for 
the  same  reason,  all  the  carbonates  are  decomposed  by  muriatic  acid, 
and  all  the  muriates  by  sulphuric  acid.  This  explanation  applies  equal- 
ly well  to  some  cases  of  double  decomposition.  It  explains,  for  in- 
stance, why  the  dry  carbonate  of  lime  will  decompose  muriate  of  am- 
monia by  the  aid  of  heat ;  for  carbonate  of  ammonia  is  more  volatile 
than  the  muriate  either  of  ammonia  or  lime. 

The  influence  of  elasticity  in  determining  the  result  of  chemical  ac- 
tion in  these  instances,  seems  owing  to  the  same  cause  which  enables 
insolubility  to  be  productive  of  similar  effects.  Thus  on  mixing  mu- 
riate of  ammonia,  and  lime,  the  acid  is  divided  between  the  two  bases, 
some  ammonia  becomes  free,  which,  in  consequence  of  its  elasticity, 
is  entirely  expelied  by  a  gentle  heat.  The  acid  of  the  remaining  mu- 
riate of  ammonia  is  again  divided  between  the  two  bases ;  and  if  a  suf- 
ficient quantity  of  lime  is  present,  the  ammoniacal  salt  will  be  com- 
pletely decomposed.  In  like  manner  the  decomposition  of  potassa 
may  be  effected  by  iron,  though  the  affinity  of  this  metal  for  oxygen 
seems  much  inferior  to  that  of  potassium  for  oxygen.  If  potassa  in 
the  fused  state  be  brought  in  contact  with  metallic  iron  at  a  white 
heat,  the  oxygen  is  divided  between  the  two  metals,  and  a  portion  of 
potassium  set  at  liberty.  But  as  potassium  is  volatile  at  a  white  heat, 
it  is  expelled  at  the  instant  of  reduction,  and  thus  by  its  influence  be- 
ing withdrawn  gives  an  opportunity  for  the  decomposition  of  an  addi- 
tional quantity  of  potassa. 

Quantity  of  Matter. 

The  influence  of  quantity  of  matter  over  affinity  is  universally  ad- 
mitted. If  one  body  A  unites  with  another  body  B  in  several  propor- 
tions, that  compound  will  be  most  difficult  of  decomposition  which 
contains  the  smallest  quantity  of  B.  Of  the  three  oxides  of  lead,  for 
instance,  the  peroxide  parts  most  easily  with  its  oxygen  by  the  action 
of  caloric;  a  higher  temperature  is  required  to  decompose  the  deutox- 
ide,  and  the  protoxide  will  bear  the  strongest  heat  of  our  furnaces, 
without  losing  a  particle  of  its  oxygen. 

The  influence  of  quantity  over  chemical  attraction  may  be  further 
illustrated  by  the  phenomena  of  solution.  When  equal  weights  of  a 
soluble  salt  are  added  In  succession  to  a  given  quantity  of  water, 
which  is  capable  of  dissolving  almost  the  whole  of  the  salt  employed, 
the  first  portion  of  the  salt  will  disappear  more  readily  than  the  second, 
the  second  than  the  third,  the  third  than  the  fourth,  and  so  on.  The 
affinity  of  the  water  for  the  saline  substances  diminishes  with  eacf» 
addition,  till  at  last  it  is  weakened  to  such  a  degree  as  to  be  unable  to 
overcome  the  cohesion  of  the  salt.  The  process  iVven  ce^afts,*al\v^5)l  ^ 
saturated  Bolutioo  is  obtained. 
Quantity  of  matter  is  employed  advantftgeousW  Vn  m^nv  c\\eTO:\t^\ 

'^7/oTa  metafZ'^^lT'':!'  ^  ^^^'"^^^  is  desirous  o«  s^^^^vX^^  '^^ 
Jdfrom  a  metallic  oxide  by  meaos  of  the  superlot  afEvtxMv  o^  V^^^**^ 
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for  the  former,  he  frequently  uses  rather  more  of  the  alkali  than  is  iof- 
ficent  for  neutralizing  the  acid.  He  takes  the  precaution  of  empk>|- 
ing  an  excess  of  alkali,  in  order  the  more  effectually  to  bring  eniy 
particle  of  the  substance  to  be  decomposed  in  contact  with  the  decoo* 
posing  agent. 

But  Berthollct  has  attributed  a  much  greater  influence  to  quantity  af 
matter.  It  was  the  basis  of  his  doctr^e,  developed  in  the  Sta^pu 
Chimique,  that  bodies  cannot  be  wholly  separated  from  eaeh 
other  by  the  affinity  of  a  third  substance  for  one  element  of  a  eon- 
pound  ;  and  to  explain  why  a  superior  chemical  attraction  does  not 
produce  the  effect  which  might  be  expected  from  it,  be  contended  that 
quantity  of  matter  compensates  for  a  weaker  affinity.  From  the  cxh 
operation  of  several  disturbing  causes,  Bertbollet  perceived  that  tiie 
force  of  affinity  cannot  be  estimated  with  certainty  by  observing  the 
order  of  decomposition  ;  and  he  therefore  had  recourse  to  another  me- 
thod. He  set  out  by  supposing  that  the  affinity  of  different  ackiifor 
the  same  alkali,  is  in  the  inverse  ratio  of  the  ponderable  quanti^  of 
each  which  is  necessary  for  neutralizing  equal  quantities  of  the  tlkaO. 
Thus,  if  two  parts  of  one  acid  A,  and  one  part  of  another  acid  B,aie 
required  to  neutralize  equal  quantities  of  the  alkali  G,  it  was  inftntd 
that  the  affinity  of  B  for  C  was  twice  as  great  as  that  of  A.  He  cen- 
ceived,  further,  that  as  two  parts  of  A  produce  the  same  neutralixiig 
effect  as  one  part  of  B,  the  attraction  exerted  by  any  alkali  towudi 
two  parts  of  A  ought  to  be  precisely  the  same  as  for  the  one  part  of 
B  ;  and  he  hence  concluded  that  there  is  no  reason  why  the  alkili 
should  prefer  the  small  quantity  of  one  to  the  large  quantity  of  the 
other.  On  this  he  founded  the  principle  that  quantity  of  matter  com- 
pensates for  force  of  attraction. 

Bertbollet  has  here  obviously  confounded  two  things,  namely,  force 
of  attraction  and  neutralizing  power,  which  are  really  different,  and 
ought  to  be  held  distinct.    The  relative  weights  of  muriatic  and  aal- 
phuric  acids  required  to  neutralize  an  equal  quantity  of  any  alkali,  or, 
in  other  words,  their  capacities  of  saturation,  are  as  37  to  40,  a  ratio 
which  remains  constant  with  respect  to  all  other  alkalies.    The  affini- 
ty of  these  acids,  according  to  BerthoIlet*s  rule,  will  be  expressed 
by  the  same  numbers.    But  in  taking  this  estimate,  we  have  to  make 
three  assumptions,  aH  of  which  are  disputable.     There  is  no  proof,  io 
the  first  place,  that  muriatic  acid  has  a  greater  affinity  for  an  alloli, 
such  as  potassa,  than  sulphuric  acid.     Such  an  inference  would  be  di- 
rectly opposed  to  the  general  opinion  founded  on  the  order  of  decom- 
position ;  and  though  that  order,  as  has  been  shown,  is  by  no  means 
a  satisfactory  test  of  the  strength  of  affinity,  it  would  be  improper  to 
adopt  an  opposite  conclusion  without  having  good  reasons  for  doing  so. 
Secondly,  were  it  established  that  muriatic  acid  has  the  greater  affini- 
ty* it  does  not  follow  that  the  attraction  of  those  acids  for  potassa  is  in 
the  ratio  of  37  to  40.     And,  thirdly,  supposing  this  point  settled,  it  is 
very  improbable  that  the  ratio  of  their  affinity  for  one  alkali  will  apply 
to  all  others ;  analogy  would  lead  us  to  anticipate  the  reverse.     Inde- 
pendently of  these  objections,  M .  Dulong  has  found  that  the  princi- 
ple of  Bertbollet  is  not  in  accord  with  the  results  of  experiment. 

Though  this  mode  of  determining  the  relative  forces  of  affinity  can- 
not be  admitted,  it  is  possible  that  quantity  of  matter  may  somenowor 
other  compensate  for  a  weaker  affinity,  and  Bertbollet  attempted  to 
prove  it  by  experiment.  On  boiling  the  sulphate  of  baryta  with  an 
equal  weight  of  pure  potassa,  the  alkali  is  found  to  have  deprived  the 
haryta  of  a  small  portion  of  lU  ac\d  \  ^nd  oik  Vte.?k\.Vii^  oxalate  of  lime 
vFilh  nitric  acid,  some  nitrate  ol  WmeVa  ^^ii^nXfe^.    KA^^Afe'^^V 
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decompositions  are  contrary  to  the  supposed  order  of  elective  affinity, 
it  was  conceived  that  they  were  produced  by  quantity  of  matter  act- 
ing in  opposition  to  force  of  attraction.    But  they  by  no  means  justify 
such  a  conclusion.     In  the  decomposition  of  sulphate  of  baryta  by 
potassa*,  no  care  was  taken  to  exclude  the  atmospheric  air  during  the 
operation  :  the  alkali  must  consequently  have  absorbed  carbonic  acid  ; 
and  it  is  an  established  fact  that  carbonate  of  potassa  decomposes  par- 
tially the  sulphate  of  baryta.    A  similar  omission  appears  to  have 
been  made  in  tiie  other  experiments  where  decomposition  was  attempt* 
ed  by  pure  potassa  or  soda.    In  many  instances  the  result  may  fairly 
be  attributed  to  other  causes.    Acids  and  alkalies  have  often  a  ten- 
dency to  unite  in  more  than  one  proportion,  and  will  readily  fdrm 
salts  with  excess  of  acid  or  of  base  when  circumstances  are  favoura- 
ble to  their  production.    Thus  on  adding  nitric  acid  to  the  insoluble 
phosphate  of  lime,  the  earth  is  divided  between  the  two  acids,  and  a 
nitrate  and  bi-phosphate  of  lime  are  generated.     It  is  difficult,  if  not 
impossible,  to  effect  the  entire  decomposition  of  nitrate  of  potassa  by  a 
quantity  of  sulphuric  acid  just  sufficient  for  neutralizing  the  alkali ;  for 
ue  sulphuric  acid,  instead  of  taking  the  whole  of  the  potassa,  is  apt 
to  unite  with  part  of  it,  and  form  the  bisulphate.    This  tendency  to 
the  formation  of  an  acid  salt  accounts  for  the  fact  quite  satisfactorily  ; 
nor  is  there  any  reason  to  infer  the  co-operation  of  any  other  cause. 
Another  circumstance  that  influences  the  result  of  such  experiments, 
and  which  Bertbollet  left  out  of  view  entirely,  is-  the  affinity  of  salts 
for  one  another.    On  the  whole,  therefore,  we  may  infer  that  Bertbol- 
let has  given  no  satisfactory  case  in  which  quantity  of  matter  is  prov- 
ed to  compensate  for  a  weaker  affinity.    Saline  substances,  indeed, 
seem  ill  adapted  to  such  researches.    For  it  is  impossible  in  many,  if 
not  in  most  cases,  to  decide  upon  the  relative  strength  of  the  attrac- 
tion of  two  acids  for  an  alkali,  or  of  two  alkalies  for  an  acid,  which  ne- 
vertheless is  an  important  element  in  the  inquiry ;  and  even  did  we 
possess  such  knowledge,  the  influence  of  modifying  circumstances  is 
such,  that  it  is  difficult  to  appreciate  the  share  they  may  have  in  pro- 
ducing a  given  effect. 

Gravity. 

The  influence  of  gravity  is  perceptible  when  it  is  wished  to  make 
two  substances  unite,  the  densities  of  which  are  different.  In  a  case 
of  simple  solution,  a  larger  quantity  of  saline  matter  is  found  at  the 
bottom  than  at  the  top  of  the  liquid,  unless  the  solution  shall  have 
been  well  mixed  subsequentiy  to  its  formation.  In  making  an  alloy 
of  two  metals  which  differ  from  one  another  in  density,  a  larger  quan- 
tity of  the  heavier  metal  will  be  found  at  the  lower  than  in  the  upper 
part  of  the  compound,  unless  great  care  be  taken  to  counteract  the 
tendency  of  gravity  by  agitation.  This  force  obviously  acts,  like  the 
cobesive  power,  in  preventing  a  sufficient  degree  of  approximation . 

Imponderables^ 

The  influence  which  caloric  exerts  over  chemical  phenomena,  and 
the  modes  in  which  it  operates,  have  been  already  discussed.  The 
chemical  aeency  of  galvanism  has  also  been  described.  The  effects 
of  light  will  be  most  conveniently  stated  in  other  parts  of  the  work. 


*  Researches  into  the  Laws  of  Affinity, 


114  AB^nity.  ^  j 

Electricity  is  frequently  employed  to  produce  the  combination  of  gain 
with  one  another, and  in  some  instances  to  separate  tibem.  It  appears 
to  act  by  the  heat  which  it  occasions,  and  therefore  on  the  same  piin- 
ciple  as  flame. 

On  the  Measure  of  Affinity. 

As  the  foregoing  observations  prove  that  the  order  of  decompoiitioB 
is  not  always  a  satisfactory  measure  of  affinity,  it  becomes  a  questioo 
whether  there  are  any  means  of  determining  the  comparative  forces  o( 
chemical  attraction.     When  no  disturbing  causes  operate,  the  pheno* 
mena  of  decomposition  afford  a  sure  criterion  ;  but  when  the  tfonclD- 
sions  obtained  in  this  way  are  doubtful,  assistance  may  be  frequently 
derived  from  other  sources.    The  surest  indicafions  are  procured  1^ 
observing  the  tendency  of  different  substances  to  unite  with  the  sane 
principle,  under  the  same  circumstances,  and  subsequently  by  maiking 
the  comparative  facility  of  decomposition  when  the  coropoonds  so 
formed  are  exposed  to  the  same  decomposing  agent.    Thus,  on  expos* 
ing  gold,  lead,  and  iron,  to  air  and  moisture,  the  iron  rusts  with  greit 
rapidity,  the  lead  is  only  tarnished,  and  the  gold  retains  its  lustre.    Itii 
hence  inferred  that  iron  has  the  greatest  affinity  for  oxygen,  leadneiti 
and  gold  least.  This  conclusion  is  supported  by  concurring  observttiun 
of  a  like  nature,  and  confirmed  by  the  circumstances  under  which  tbe 
oxides  of  those  metals  part  with  their  oxygen.    The  oxide  of  gold  is 
reduced  by  heat  only  ;  and  the  oxide  of  lead  is  decomposed  by  chii- 
roal  at  a  lower  temperature  than  the  oxide  of  iron. 

It  is  inferred  from  the  action  of  caloric  on  the  carbonates  of  potassa, 
baryta,  lime,  and  the  oxide  of  lead,  that  potassa  has  a  stronger  attrac* 
tion  for  carbonic  acid  than  baryta,  bartya  than  lime,  and  lime  than  tbe 
oxide  of  lead.  The  affinity  of  different  substances  for  water  may  be 
determined  in  a  similar  manner. 

Of  all  chemical  substances,  our  knowledge  of  the  relative  degrees 
of  attraction  of  the  acids  and  alkalies  for  each  other  is  the  most  un- 
certain. Their  action  on  one  another  is  affected  by  so  many  cir* 
cumstances,  that  it  is  in  most  cases  impossible,  with  certainty,  to  refer 
any  effect  to  its  real  cause.  The  only  methods  that  have  been  hither* 
to  devised  for  remedying  this  defect  are  those  of  Berthollet  and  Kir- 
wan.  Both  of  them  are  founded  on  the  capacities  of  saturation,  and 
the  objections  which  have  been  urged  to  the  rule  suggested  by  tbe 
first  philosopher,  apply  equally  to  that  proposed  by  the  second.  But 
this  uncertainty  is  of  no  great  consequence  in  practice.  We  know 
perfectly  the  order  of  decomposition,  whatever  may  be  the  actual 
forces  by  which  it  is  effected. 


SECTION  II. 

OJV  THE  PROPORTIOJVS IJ^  WHICH  BODIES  UMTE, 
AJ>rD  OJ^  THE  LAWS  OF  COMBIJSTATIOJV. 

The  study  of  the  proportions  in  which  bodies  unite  naturally  re- 
solves itself  into  two  parts.    The  first  includes  compounds  whose  ele- 
ments appear  to  unite  in  a  great  many  proportions  ;  the  second  com- 
/yrehends  (hose,  the  elements  of  which  combine  in  a  few  proportions 
ooly. 
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I.  The  compounds  contaiDed  in  the  first  di?isioD  are  of  two  kinds. 
Ln  one,  combination  takes  place  unlimitedly  in  all  proportions ;  in  the 
3ther,  it  occurs  in  every  proportion  within  a  certain  limit.  The  union 
of  water  with  alcohol  and  the  liquid  acids,  such  as  the  sulphuric, 
muriatic,  and  nitric  acids,  are  instances  of  the  first  mode  of  combina- 
tion ;  the  solutions  of  salts  in  water  are  examples  of  the  second.  One 
drop  of  sulphuric  acid  may  be  diHTused  through  a  gallon  of  water,  or  a 
drop  of  water  through  a  gallon  of  the  acid;  or  they  may  be  mixed  to- 
gether in  any  intermediate  proportions,  and  in  each  case  they  appear 
to  unite  perfectly  with  one  another.  A  hundred  grains  of  water,  on 
the  contrary,  will  dissolve  any  quantity  of  sea-salt  which  does  not  ex- 
ceed forty  grains.  Its  dissolving  power  then  ceases,  because  the  co- 
hesion of  the  solid  becomes  comparatively  too  powerful  for  the  force 
of  affinity.  The  limit  to  combination  is  in  such  instances  owing  to 
the  cohesive  power;  and  but  for  theobstacle  which  it  occasions,  the 
salt  would  most  probably  unite  with  the  water  in  every  proportion. 

All  the  substances  that  unite  in  many  proportions,  give  rise  to  com- 
pounds which  have  this  common  character,  that  their  elements  are 
united  by  a  feeble  affinity,  and  preserve,  when  combined,  more  or  less 
of  the  properties  which  they  possess  in  a  separate  state.  In  a  scien- 
tific point  of  view,  these  combinations  are  of  minor  importance  ;  but 
they  are  exceedingly  useful  as  instruments  of  research.  They  enable 
the  chemist  to  present  bodies  to  one  another,  under  the  most  favour- 
able circumstances  possible  for  acting  with  ctfect ;  the  liquid  form  is 
thus  communicated  to  them,  while  the  affinity  of  the  solvent  or 
menstruum,  which  holds  them  in  solution,  is  not  sufficiently  powerful 
to  interfere  with  their  attraction  for  one  another. 

II.  The  most  interesting  series  of  compounds  is  produced  by  sub- 
stances which  unite  in  a  few  proportions  only ;  and  which,  in  com- 
bining, lose  more  or  less  conipletely  the  properties  that  distinguished 
them  when  separate.  Of  these  bodies,  some  form  but  one  combina- 
tion. Thus  there  is  only  one  compound  of  zinc  and  oxygen,  or  of 
chlorine  and  hydrogen.  Others  combine  in  two  proportions.  P^or 
example,  two  compounds  are  formed  by  copper  and  oxygen,  or  by 
hydrogen  and  oxygen.  Other  bodies  again  unite  in  three,  four,  five,  or 
even  six  proportions,  which  is  the  greatest  number  of  compounds  that 
any  two  substances  are  known  to  produce,  excepting  those  which  be- 
long to  the  first  division. 

The  combination  of  substances  that  unite  in  a  few  proportions  only, 
is  regulated  by  three  lemaikable  laws.  The  first  of  these  laws  is,  that 
the  composition  of  bodies  is  fixed  and  invariable ;  that  a  compound 
substance,  so  long  as  it  retains  its  characteristic  properties,  must 
always  consist  of  the  same  elements  united  together  in  the  same  pro- 
portion. Sulphuric  acid,  for  example,  is  always  composed  of  sulphur 
and  oxygen  in  the  ratio  of  16  parts*  of  the  former  to  24  of  the  latter: 
no  other  elements  can  form  it,  nor  can  its  own  elements  form  it  in  any 
other  proportion.  Water,  in  like  manner,  is  formed  of  1  part  of  hy- 
drogen and  8  of  oxygen ;  and  were  these  two  elements  to  unite  in  any 
other  proportion,  some  new  compound,  different  from  water,  wouM  be 
the  product.  The  same  observation  applies  to  ail  oilier  substaiuos, 
however  complicated,  and  at  whatever  period  tlicy  were  prodiiceii. 
Thus,  sulphate  of  baryta,  whether  formed  ages  ago  by  the  hand  ot 
nature,  or  quite  recently  by  the  operations  of  the  chemist,  is  ahvay- 
composed  of  40  parts  of  sulphuric  acid  and  78  of  baryta.     This  law,  in 


By  the  expression  *  parts'  I  always  mean  part?  by  weijjjht. 
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fact,  is  universal  and  permanent.  Its  importance  is  equally  manifest 
It  is  the  essentia]  basis,  of  cliemistry,  without  which  the  science  itself 
could  have  no  existence. 

Two  views  have  been  proposed  by  way  of  accounting  for  this  law. 
The  explanation  now  universally  given  is  confined  to  a  mere  state- 
ment, that  substances  are  disposed  to  combine  in  those  proportions  to 
which  they  are  so  strictly  limited,  in  preference  to  any  others ;  it  is  re> 
garded  as  an  ultimate  fact,  because  the  phenomena  are  explicable  oo 
no  other  known  principle.  A  different  doctrine  was  advanced  by  the 
celebrated  BerthoUet  in  his  Statique  Chimique^  published  in  1808. 
Having  observed  the  influence  of  cohesion  and  elasticity  in  modify 
the  action  of  affinity  as  already  described,  he  thought  he  could  tites 
the  operations  of  the  same  cause  in  producing  the  effect  at  present 
under  consideration.  Finding  that  the  solubility  of  a  salt  and  of  a  gis 
in  water  is  limited,  in  the  first  by  cohesion,  and  in  the  second  bf 
elasticity,  he  conceived  that  the  same  force  would  account  for  the  on- 
changeable  composition  of  certain  compounds.  '  He.  maintained,  then- 
fore,  that  within  certain  limits  bodies  have  a  tendency  to  unite  ia 
every  proportion ;  and  that  combination  is  never  definite  and  tnfad- 
able,  except  when  rendered  so  by  the  operation  of  modifying  causes, 
such  as  cohesion,  insolubility,  elasticity,  quantihr  of  matter,  and  dw 
like.  Thus,  according  to  BerthoUet,  sulphate  of  baryta  is  composed 
of  40  parts  of  sulphuric  acid  and  78  of  barjrta,  not  because  those  sub- 
stances are  disposed  to  unite  in  that  ratio  rather  than  in  another,  bat 
because  the  compound  so  constituted  happens  to  have  great  cobesiTe 
power. 

These  opinions  which,  if  true,  would  shake  the  whole  science  of 
chemistry  to  its  foundation,  were  founded  on  observation  and  experi- 
ment, supported  by  all  the  ingenuity  of  that  highly  gifted  philosopher. 
They  were  ably  and  successfully  combated  by  Proust,  in  several  papers 
published  in  the  Journal  de  Physique,  wherein  he  proved  that  the 
metals  are  disposed  to  combine  with  oxygen  and  with  sulphur  only  in 
one  or  two  proportions,  which  are  definite  and  invariable.  The  con- 
troversy which  ensued  between  these  eminent  chemists  on  that  oc- 
casion, is  remarkable  for  the  moderation  with  which  it  is  conduct^ 
on  both  sides,  and  has  been  properly  quoted  by  Berzelius  as  a  model 
for  all  future  controversialists.  How  much  soever  opinion  may  have 
been  divided  upon  this  important  question  at  that  period,  the  dispute 
is  now  at  an  end.  The  infinite  variety  of  new  facts,  similar  to  those 
observed  by  Proust,  which  have  since  been  established,  has  proved 
beyond  a  doubt  that  the  leading  principle  of  BerthoUet  is  quite  erro- 
neous. The  tendemiy  of  bodies  to  unite  in  definite  proportions  only, 
is  indeed  so  great  as  to  excite  a  suspicion  that  all  substances  combine 
in  this  way;  and  that  the  exceptions  thought  to  be  afforded  by  the 
phenomena  of  solution,  are  rather  apparent  than  real;  for  it  is  con- 
ceivable that  the  apparent  variety  of  proportion  noticed  in  such  cases 
may  arise  from  the  mixture  of  a  few  definite  compounds  with  each 
other. 

The  second  law  of  combination  is  still  more  remarkable  than  the 
first.  It  has  given  plausibility  to  an  ingenious  hypothesis  concerning 
the  ultimate  particles  of  matter,  called  the  atomic  theory.  The  law 
itself,  however,  contains  nothing  hypothetical,  being  the  pive  expres- 
sion of  a  fact,  first  noticed  by  Mr.  Dalton,  and  subsequently  confirm- 
ed by  many  other  chemists.  Its  nature  will  be  at  once  understood  by 
a  simple  perusal  of  the  following  table : — 
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Water  is  composed  of           .  Hydrogen  1  .  Oiyg;eD  8 

Deutozide  of  Hydrogen                Do.  1  lUy,  16 

Carbonic  Oxide       ....  Carbon  6  Do.    8 

Carbonic  Acid Do.  6  .  Do.  16 

Nitrous  Oxide Nitrogen  14  .  Do.    8 

Nitric  Oxide Do.  14  .  Do.  16 

Hyponitrous  Acid        .     .    .        Do.  14  .  Do.  24 

Nitrous  Acid Do.  14  .  Do.  82 

Nitric  Acid         Do.  14  .  Do.  40 

Now  it  will  be  perceived,  that  in  all  these  compounds  the  numbers 
denoting  the  oxygen,  which  is  attached  to  a  given  weight  of  the  same 
substance,  bear  a  very  simple  ratio  to  one  another.  The  deutoxide  of 
hydrogen  contains  just  twice  as  much  oxyeen  as  water  does.  The 
oxygen  in  carbonic  acid  is  double  that  of  carbonic  oxide.  The  oxygen 
in  the  compounds  of  nitrogen  and  oxygen  is  in  the  ratio  of  1,  2,  3,  4, 
and  5.  So  obvious  indeed  is  this  law,  that  it  is  observed  at  once  on 
comparing  together  the  results  of  a  few  accurate  analyses ;  and  the 
only  subject  of  surprise  is,  that  it  was  not  discovered  before.  It  is  by 
no  means  confined  to  the  compounds  of  combustibles  with  oxygen. 
Thus  the  sulphur  in  the  two  sulphurets  of  mercury,  the  chlorine  in  the 
two  chlorides  of  mercury,  are  as  1  to  2.  It  extends  also  to  the  salts. 
The  bicarbonate  of  potassa,  for  example,  contains  twice  as  much  car- 
bonic acid  as  the  carbonate ;  and  the  oxalic  acid  of  the  three  oxalates 
of  potassa  is  in  the  ratio  of  1,  2,  and  4.  We  must  regard  it  therefore 
as  a  law  which  regulates  the  union  of  b6dies,  and  the  enunciation  of 
which  may  be  stated  in  the  following  terms.  When  two  substances, 
A  and  B,  unite  chemically  in  two  or  more  proportions,  the  numbers 
representing  the  quantities  of  B  combined  with  the  same  quantity  of 
A  are  in  the  ratio  of  1,  2,  3,  4,  &c ;  that  is,  they  are  multiples  by  some 
whole  number  of  the  smallest  quantity  of  B  with  which  A  can  unite. 
Thus,  if  A-+-B  is  the  first  compound,  the  others  will  be  A-+-2  B,  or  A-|- 
3  B,  or  A  with  some  similar  multiple  of  B.  This  law  is  often  called 
the  law  of  multiples,  or  of  combination  in  multiple  proportions. 

That  the  elements  of  compounds  are  very  generally  arranged  ac- 
cording to  the  law  of  multiples,  does  not  admit  of  the  least  question; 
but  in  the  present  state  of  chemical  science,  we  are  not  prepared  to 
say  that  it  is  altogether  universal.  Instances  are  not  unfrequently 
met  with,  where  a  slight  deviation  from  the  law  appears  to  occur. 
The  three  oxides  of  lead,  for  instance,  are  thus  constituted  : — 

Z^ad,  Oxygen, 

Protoxide  .  .  104  .8 

Deutoxide  .  .  104  .12 

Peroxide  .  .  104  16 

In  these  compounds  the  oxygen  is  as  1 :  1^ :  2 ;  and  the  oxides 
of  manganese  afford  a  similar  example.  The  oxides  of  iron  are  com- 
posed as  follows : — 

Iron.  Oxygen. 

Protoxide  .  .  28  .8 

Peroxide  .  .  28  .  12 

in  which  the  ratio  of  the  oxygen  is  as  1  to  1^  or  as  2  to  3.  The 
oxygen  of  the  arsenious  and  arsenic  acids,  according  to  Berzelius,  is 
as  3  to  5.  It  is  obvious  that  these  deviations  from  the  law  of  multi- 
ples may  perhaps  be  rather  apparent  than  real.  It  is  possible,  for  ex- 
ample, that  the  deutoxide  of  lead  may  be  a  compound  ol  \bMMf^^\^^ 
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tod  peroxide  of  lead  with  each  other,  and  therefore  oaght  not  to  be 
eQumerated  amonf;  the  oxides  of  that  metal.  It  is  also  possible  thii ' 
the  anomaly  is  frequently  owin^  to  our  ignorance  of  compounds  wUch 
may  hereafter  be  discovered.  Thus  the  discovery  of  an  oxide  of  kid 
consisting  of  104  parts  of  metal  to  4  parts  of  oxygen,  would  render 
this  series  of  compounds  conformable  to  the  usual  law  of  comblQation. 
But  leaving  these  points  to  be  decided  by  future  observation,  and 
taking  facts  as  they  are,  we  may  state  that  bodies  combine  either 
strictly  according  to  the  law  of  multiple  proportion  as  first  stated,  or 
according  to  the  slight  deviation  from  that  law  as  illustmted  in  the 
preceding  examples.  In  either  case  this  law  of  combination  is  ezeeod- 
inflrly  simple. 

The  third  law  of  combination  is  intimately  connected  with  flie  pn- 
ceding,  and  is  not  less  remarkable.  Its  existence  and  naturo  will  it 
once  appear  on  a  comparison  of  the  relative  quantities  of  dlflbreot 
bodies,  which  combine  together.  Thus  8  parts  of  oxygen  nnite  with 
1  part  of  hydrogen,  16  of  sulphur,  36  of  chlorine,  40  of  selenium,  and 
110  parts  of  silver.  Such  are  the  quantities  of  these  five  bodies  wUdi 
are  disposed  to  unite  with  8  parts  of  oxygen ;  and  it  is  found  that  when 
they  combine  with  one  another,  they  unite  either  in  the  proportions 
expressed  by  those  numbers,  or  in  multiples  of  them  accoi^ing  to  the 
law  already  explained.  Thus  sulphuretted  hydrogen  is  composed  of 
1  part  of  hydrogen  and  16  of  sulphur,  and  bisulphuretted  hydrogeo 
of  1  part  of  hydrogen  to  82  of  sulphur ;  36  of  chlorine  unite  with  1  of 
hydrogen,  16  of  sulphur,  and  110  of  silver;  and  40  parts  of  seleDiom 
with  1  of  hydrogen,  and  16  of  sulphur. 

It  is  manifest,  from  these  examples,  that  bodies  unite  according  to 
proportional  numbers ;  and  hence  has  arisen  the  use  of  certain  termst 
such  as  Proportion,  Combining  Proportion,  Proportional,  or  Eqaivip 
lent,  to  express  them.  Thus  the  combining  proportions  of  the  sob- 
stances  just  alluded  to  are 


Hydrogen 

Oxygen 

Sulphur 

Chlorine 

Selenium 

Silver 


1 

8 

16 

86 

40 

110 


The  most  common  kind  of  combination  is  one  proportion  of  one 
body  either  with  one  or  with  two  proportions  of  another.  Combint- 
tions  of  one  to  three,  or  one  to  four,  are  very  uncommon,  unless  the 
more  simple  compounds  likewise  exist.  Ammonia,  however,  is  t 
singular  instance  of  the  reverse.  It  is  composed  of  14  parts  of  nitro- 
gen, and  3  of  hydrogen.  Now  14  being  the  precise  quantity  of  nitro- 
gen that  unites  with  8  of  oxygen,  is  considered  as  one  proportion  of 
nitrogen,  and  this  quantity  is  combined  in  ammonia  vrith  three  pro- 
portionals of  hydrogen.  No  compound  of  nitrogen  and  hydrogen  in  any 
other  proportion  has  as  yet  been  discovered.  In  some  cases  it  ap- 
pears that  bodies  unite  in  the  ratio  of  two  equivalents  of  one  body  to 
three  or  five  equivalents  of  the  other.  There  is  good  reason  to  be- 
lieve that  the  hyposulphuric  acid  is  constituted  in  this  manner ;  end 
Berzelius  is  of  opinion  that  this  kind  of  arrangement  is  by  no  meini 
unfrequent. 

But  this  law  does  not  apply  to  elementary  substances  only,  since 
compound  bodies  have  their  combining  proportions  which  may  Uke- 
wiae  be  expressed  in  numbers.    Thus  a\nce  Nv^Vfit  \a  ^QtD.VQMd  of  one 
proportion  or  8  parts  of  oxygen,  and  one  pTO^ot\^oTL  ^t  \  ^l\fi^^gm^[^^ 
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U  combiniDg  proportion  or  equivalent  is  9.  The  proportionil  of  sul- 
ihaiic  add  {1^40,  because  it  is  a  compound  of  one  proportion  or  16  of 
nilpbur,  and  three  proportions  or  24  of  oxygen ;  and  in  Hke  manner, 
be  combining  proportion  of  muriatic  acid  is  87,  because  it  is  a  com- 
umnd  of  one  proportion  or  86  of  chlorine,  and  one  proportion  or  1  of 
lydraaen.  The  equivalent  number  of  potassium  is  40,  and  as  that 
inantity  combines  with  8  of  oxygen  to  form  potassa,  the  combining 
Mroporaon  of  potassa  is  48.  Now  when  these  compounds  unite,  one 
proportion  of  the  one  combines  with  one,  two,  three,  or  more  propor- 
tions of  the  other,  precisely  as  the  simple  substances  do.  The  hy- 
Irate  of  potassa,  for  example,  is  constituted  of  48  parts  of  potassa  and 
9  of  water,  and  its  combining  proportion  is  consequently  48+9,  or  67. 
Thffsulphate  of  potassa  is  composed  of  40  sulphuric  acid4-48  potassa  ; 
and  the  muriate  of  the  same  alkali  of  87  muriatic  acid-|-&  potas- 
sa. The  combining  proportion  of  the  former  salt  is  therefore  88,  and 
of  the  latter  85. 

.  The  composition  of  the  salts  affords  a  very  neat  illustration  of  this 
subject ;  and  to  exemplify  it  still  further,  1  subjoin  a  list  of  the  pro- 
portional numbers  of  a  few  acids  and  alkaline  bases. 


Hydrofluoric  Acid 

19.86 

Litiiia 

18 

Phosphoric  Acid 

85.71 . 

Magnesia 

20 

Muriatic  Acid 

37 

Lime 

28 

Sulphuric  Acid 

40 

Soda 

32 

Nitric  Acid 

54 

Potassa 

48 

Arsenic  Acid 

58 

StroDtia 

52 

Baryta 

78 

It  will  be  seen  at  a  glance,  that  the  neutralizing  power  of  the  differ- 
ent alkalies  is  very  different ;  for  the  proportion  of  each  base  express- 
es the  precise  quantity  required  to  neutralize  a  proportion  of  each  of 
the  acids.  Thus  18  of  lithia,  32  of  soda,  and  78  of  baryta,  combine 
With  19.86  of  hydrofluoric  acid,  forming  the  neutral  hydrofluates  of 
lithia,  soda  and  baryta.  The  same  fact  is  obvious  with  respect  to  the 
^cids  ;  for  85.71  of  phosphoric,  40  of  sulphuric,  and  58  of  arsenic  acid 
unite  with  28  of  lime,  forming  a  neutral  phosphate,  sulphate  and  ar- 
seniate  of  lime. 

These  circumstances  afford  a  ready  explanation  of  a  curious  fact, 
first  noticed  by  the  Saxon  chemist  Wenzel ; — when  two  neutral  salts 
mutually  decompose  one  another,  the  resulting  compounds  are  like- 
wise neutral.  The  cause  of  this  fact  is  now  obvious.  If  88  parts  of 
neutral  sulphate  of  potassa  are  mixed  with  132  of  the  nitrate  of  baryta, 
the  78  parts  of  baryta  unite  with  the  40  of  sulphuric  acid,  and  the  54 
parts  of  nitric  acid  of  the  nitrate  combine  with  the  48  of  potassa  of  the 
sulphate,  not  a  particle  of  acid  or  alkali  remaining  in  an  uncombined 
condition. 

Sulphate  of  Potassa.  JVitrate  of  Baryta. 

Sulphuric  acid         40  54  Nitric  acid 

Potassa  .         48  78  Baryta 

88  132 

It  matters  iM)t  whether  more  or  less  than  88  parts  of  sulphate  of  po- 
tassa are  added  ;  for  if  more,  a  small  quantity  of  sulphate  of  potassa 
will  remain  in  solution  ;  if  less,  nitrate  of  baryta  will  be  in  excess;  but 
in  either  case  the  neutrality  will  be  unaffected.  ^^p^^     , 

The  utility  of  being  acquainted  with  these  miportant  \i^^^^^^j^V 
too  muDifest  to  require  mentioD.     Through  tiieir  aid,  VsM  >,- 
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beriDg  the  proportional  numbers  of  a  few  etementtiy  rabfttneeiy  the 
composition  of  an  extensive  range  of  compound  bodies  may  be  ealoh 
lated  with  facility.  By  knowing  that  6  is  the  combiidDg  propoftUmof 
carbon  and  8  of  oxygen,  it  is  easy  to  recollect  the  composition  of  eaF* 
l>onic  oxide  and  carbonic  acid  ;  the  first  consisting  of  6  parts  of  caiboa 
+8  of  oxygen,  and  the  second  of  6  carbon+16  oxygen.  40  ii  IIm 
equivalent  of  potassium,  and  potassa  being  its  protoxide,  is  eompoteA 
of  40  potassium-h8  oxygen.  From  these  few  data,  we  know  at  omv 
the  composition  of  the  carbonate  and  bicarbonate  of  potassa.  Hm 
first  is  composed  of  22  carbonic  acid+48  potassa ;  the  second  of  41 
carbonic  acid+^S  potassa.  This  knowledge  is  retained  with  Tor 
little  effort  of  the  memory  ;  and  the  assistance  derived  from  the  medm 
will  be  manifest  on  comparing  it  with  the  common  practice  of  stilii| 
the  composition  in  100  parts. 

Carbonic  Oxide,  Carbonic  jSdd,* 

Carbon  42.86  ....     27.27 

Oxygen  57.14  ....     72.78 

Carbonate  of  Potassa,  Bicarbonate  ofpotana. 

Carbonic  acid  31.43  .         .         .         .     47.88 

Potassa    .       68.57         ....    52.17 

From  the  same  data,  calculations,  which  would  otherwise  be  difBesK 
or  tedious,  may  be  made  rapidly  and  with  ease,  without  refiwence  to 
books,  and  frequently  by  a  simple  mental  process.  The  exact  quan- 
tities of  substances  required  to  produce  a  given  effect  may  be  dete^ 
mined  with  certainty,  thus  affording  information  which  is  often  neces- 
sary to  the  success  of  chemical  processes,  and  of  great  cooseqiN&ee 
both  in  the  practice  of  the  chemical  arts,  and  in  the  operations  oi  phu- 
macy. 

The  same  knowledge  affords  a  good  test  to  the  analyst  by  wliidihe 
may  judge  of  the  accuracy  of  his  result,  and  even  sonratimes  correct 
an  analysis  which  he  has  not  the  means  of  performing  with  rigid  pts- 
cision.  Thus  a  powerful  argument  for  the  accuracy  of  an  aoaljriis  is 
derived  from  the  correspondence  of  its  result  with  the  laws  of  chemicil 
union.  On  the  contrary,  if  it  form  an  exception  to  them,  we  are  aa- 
thorized  to  regard  it  as  doubtful,  and  may  hence  be  led  to  detect  an 
error,  the  existence  of  which  might  not  otherwise  have  k>een  snspeeted. 
If  an  oxidized  body  is  found  to  contain  one  proportion  of  the  com- 
bustible with  7.99  of  oxygen,  it  is  fair  to  infer  that  8,  or  one  propor- 
tion of  oxygen  would  have  been  the  result,  had  the  analysis  been 
perfect. 

The  composition  of  a  substance  may  sometimes  be  determined  by 
a  calculation  founded  on  the  laws  of  chemical  union  before  an  analyiv' 
of  it  has  been  accomplished.  When  the  new  alkali  lithia  was  first  dis- 
covered, chemists  did  not  possess  it  in  sufficient  quantity  for  deter* 
mining  its  constitution  analytically.  But  the  neutral  sulphates  of  tbe 
alkalies  and  earths  are  known  to  be  composed  of  one  proportion  of 
each  constituent,  and  the  oxides  to  contain  one  proportion  of  oxygon. 
If  it  be  found,  therefore,  by  analysis,  that  the  neutral  sulphato  of 
lithia  is  composed  of  40  parts  of  sulphuric  acid  and  18  of  lithia,  it  maj 
be  inferred,  since  40  is  one  proportion  of  the  acid,  that  18  is  tlMsqai- 
valent  for  lithia,  and  that  the  oxide  is  formed  of  8  parts  of  oxygen  and 
10  of  lithium. 

Tbe  method  of  determining  the  proportional  numbers  will  be  antiei- 
pated  from  what  has  already  been  a«\d.  TYie  coTumencement  is  made 
by  carefully  analyzing  a  de&mle  compoxm^  ol  Vviq  fiitn^^ ' 
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whi^  pofleen  an  extensive  range  of  affinity.  No  tvvo  bodies  arc 
better  adapted  for  this  purpose  than  oxygen  and  hydrogen,  and  that 
eompoimd  is  selected  which  contains  the  smallest  quantity  of  oxygen. 
Water  is  such  a  substance,  and  it  is  therefore  regarded  as  a  compound 
of  one  proportion  of  oxygen  to  one  proportion  of  liydrogcn.  But 
aiUysis  proves  that  it  is  composed  of  8  parts  of  the  former  to  one  of  the 
latter,  and  therefore  the  equivalent  of  oxygen  is  eight  times  as  heavy  3s 
that  of  hydrogen. 

Some  compounds  are  next  examined,  which  contain  the  smallest 
proportion  oi  oxygen  or  hydrogen  in  combination  with  some  other 
sahstance.  Carl>onic  oxide  with  respect  to  carbon,  and  sulphuretted 
hydrogen  with  respect  to  sulphur,  answer  this  description  perfectly. 
liie  former  consists  of  8  parts  of  oxygen  and  6  of  carbon  ;  the  lat- 
ter  of  1  part  of  hydrogen  and  16  of  sulphur.  The  proportional  num- 
ber of  carbon  is  consequently  6,  and  of  sulphur  16.  The  proportion- 
als of  all  other  bodies  may  be  determined  in  the  same  manner. 

Since  the  proportional  numbers  merely  express  the  relative  quanti- 
ties of  different  substances  which  combine  together,  it  is  in  itself  im- 
material what  figures  are  employed  to  express  them.  The  only  es- 
sential point  is,  that  the  relation  should  be  strictly  observed.  Thu.«, 
we  may  make  the  combining  proportion  of  hydrogen  10  if  we  please ; 
but  then  oxygen  must  be  80,  carbon  60,  and  sulphur  160.  \le  may 
call  hydrogen  100  or  1000,  or,  if  it  were  desirable  to  perplex  the  sub- 
ject as  much  as  possible,  some  high  uneven  number  might  be  select- 
ed, provided  the  doe  relation  between  the  different  numbers  is  faith- 
fully preserved.  But  such  a  practice  would  effectually  do  away  with 
the  advantage  I  have  ascribed  to  the  use  of  the  proportional  number.*, 
and  hence  it  is  the  object  of  every  one  to  employ  such  simple  ones, 
that  their  relation  may  be  perceived  by  mere  inspection.  As  the 
opinion  of  different  chemists  concerning  the  simplicity  of  numbers  is 
somewhat  at  variance,  we  possess  several  series  of  them.  Dr  Thom- 
son, for  example,  makes  oxygen  1,  so  that  hydrogen  is  eight  times  less 
than  unity,  or  0.125,  carbon  0.75,  and  sulphur  2.  Dr  Wollaston,  iu 
bis  scale  of  chemical  equivalents,  fixes  oxygen  at  10,  by  which  hy- 
drogen is  1.25,  carbon  7.5,  and  so  on.  According  to  Berzelius,  oxy- 
gen is  100.  And  lastly,  several  other  chemists,  such  as  Dalton,Davy, 
Henry,  and  others,  call  hydrogen  unity,  and  therefore  oxygen  8. 
One  of  these  series  may  easily  be  reduced  to  either  of  the  others  by 
an  obvious  and  simple  arithmetical  process ;  and  excepting  that  oi* 
Berxelius,  whose  numbers  are  inconveniently  high  for  practice,  it  is 
not  very  material  to  which  of  them  the  preference  is  given.  I  have 
myself  adopted  the  last,  because,  as  it  rarely  contains  fractional  parts, 
it  appears  best  adapted  to  the  purpose  of  teaching. 

On  the  Atomic  Them*y  of  Mr  Dalton. 

The  brief  sketch  which  has  been  given  of  the  laws  of  combination 
will,  I  trust,  serve  to  set  the  importance  of  this  department  of  chemical 
science  in  its  true  light.  It  is  founded,  as  will  have  been  seen,  on 
experiment  alone,  and  the  laws  which  have  been  stated  are  the  pure 
expression  of  fact.  It  is  not  necessarily  connected  with  any  specula- 
tion, and  may  be  kept  wholly  free  from  it. 

It  is  not  uncommon  for  persons  commencing  the  study  of  chemistry 
to  entertain  a  vague  notion  that  this  department  of  the  science  con^.- 
prehends  something  uncertain  and  hypothetical  iu  its  nature,  and  to 
be  thus  led  to  form  an  erroneous  idea  of  its  importance.  TY^^pii^* 
prehension  may  easily  be  traced  to  its  source.    It  was  Vi 
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reflect  on  the  regularity  and  constancy  with  which  bodies  obeyjOie 
laws  of  combination,  without  speculating  about  the  cause  of  tbat*n- 
gularity;  and  consequently,  the  facts  themselves  were  no  sooner  no* 
ticed,  than  an  attempt  was  made  to  explain  them.    Accordingly, 
when  Mr  Dalton  published  his  discovery  of  those  laws,  he  at  once  io« 
corporatcd  the  description  of  them  with  his  notion  of  their  phyriol 
cause ;  and  even  expressed  the  former  in  language  suggested  by  Ihi 
latter.     Since  that  period,  though  several  British  chemists  of'^smi- 
nence,  and  in  particular  Dr  Wollaston  and  Sir  H.  Davy,  have  neon- 
mended  and  practised  an  opposite  course,  both  subjects  have  been  bst 
too  commonly  comprised  under  the  name  of  atomic  theory ;  and  beeei 
it  has  often  happened  that  beginners  have  rejected  the  whole  ai  hy- 
pothetical, because  they  could  not  satisfactorily  distinguish  thou 
parts  that  are  founded  on  fact,  from  those  which  are  conjectural.   Alt 
such  perplexity  would  have  been  avoided,  and  this  department  of  thB 
science  have  been  far  better  understood,  and  its  value  more  justly  ap- 
preciated, had  the  discussion  concerning  the  atomic  constitution  of 
bodies  been  always  kept  distinct  from  what  it  is  intended  to  esplan. 
When  employed  in  this  limited  sense,  the  atomic  theoiy  may  be  dii- 
cussed  in  a  few  words. 

Two  opposite  opinions  have  long  existed  concerning  the  ultimil0 
elements  of  matter.  It  is  supposed,  according  to  one  party,  that 
every  particle  of  matter,  however  small,  may  be  divided  into  amallM 
portions,  provided  our  instruments  and  organs  were  adapted  to  the 
operation.  Their  opponents  contend,  on  the  other  hand,  that  mattei 
is  composed  of  certain  atoms  which  are  of  such  a  nature  as  not  to 
admit  of  division.  These  opposite  opinions  have  from  time  to  tiow 
been  keenly  contested,  and  with  variable  success,  according  to  the 
acutcness  and  ingenuity  of  their  respective  champions.  But  it  was  it 
last  perceived  that  no  positive  data  existed  capable  of  deciding  the 
question,  and  its  interest  therefore  gradually  declined.  The  progren 
of  modern  chemistry  has  revived  the  general  attention  to  Uiia  contro- 
versy, by  affording  a  far  stronger  argument  in  favour  of  the  atomic 
constitution  of  bodies  than  was  ever  advanced  before,  and  which  I 
conceive  is  almost  irresistible.  We  have  only  in  fact  to  assume  with 
Mr  Dalton,  that  all  bodies  are  composed  of  ultimate  atoms,  the 
weight  of  which  is  different  in  different  kinds  of  matter,  and  we  ex- 
plain at  once  the  foregoing  laws  of  chemical  union.  The  phenomena 
do  not  appear  explicable  on  any  other  supposition. 

According  to  the  atomic  theory  every  compound  is  formed  of  ths 
atoms  of  its  constituents.  An  atom  of  A  may  unite  with  1,  2, 8,  or 
more  atoms  of  B.  Thus,  supposing  water  to  be  composed  of  one 
atom  of  hydrogen  and  one  atom  of  oxygen,  the  dcutoxide  of  hydrogea 
will  consist  of  one  atom  of  hydrogen  to  two  atoms  of  oxygen,  lfcl^ 
bonic  oxide  is  formed  of  one  atom  of  carbon  and  one  atom  of  oxmn, 
carbonic  acid  will  consist  of  one  atom  of  carbon  to  two  atoms  oi  oiy- 
gen.  If  in  the  compounds  of  nitrogen  and  oxygen  enumerated  at  pi|0 
117,  the  first  or  protoxide  is  constituted  of  one  atom  of  nitrogen  to 
one  atom  of  oxygen,  the  four  others  will  be  regarded  as  compound!  of 
one  atom  of  nitrogen  to  2,  3,  4,  and  5  atoms  of  oxygen.  From  tbew 
instances  it  will  appear,  that  the  law  of  multiple  proportion  is  > 
necessary  consequence  of  the  atomic  theory,  lliere  is  also  no  ip* 
parent  reason  why  two  or  more  atoms  of  one  substance  may  not 
combine  with  2,  3,  4,  5,  or  more  atoms  of  another.  Such  comblci- 
tioas  mil  account  for  the  complicated  proportion  noticed  in  lOOM 
compounds,  especially  in  many  ot  v\\0M\ic\Qii\si:Ei^to  the  animal  and 
vegetable  kiogdoms. 
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In  consequence  of  the  very  complete  explanation  which  the  lawa 
of  chemical  union  receive  by  means  of  the  atomic  theory,  it  has  be- 
come customary  to  employ  the  term  atom  in  the  same  sense  as  com- 
bining proportion  or  equivalent.  For  example,  instead  of  saying  water 
is  composed  of  one  equivalent  of  oxygen  and  one  equivalent  of  hy- 
drogen, it  is  said  to  consist  of  one  atom  of  each  element.  In  like 
manner  sulphate  of  potassa  is  formed  of  one  equivalent  or  one  atom 
of  sulphuric  acid  and  one  atom  of  potassa,  the  word  in  this  case 
denoting  as  it  were  a  compound  atom,  that  is,  the  smallest  integral 
particle  of  the  acid  or  alkali ;  such  a  particle,  which  does  not  admit  of 
being  divided,  except  by  the  separation  of  its  elementary  or  consti- 
fuent  atoms.  The  numbers  expressing  the  proportions  in  which 
bodies  unite,  must  likewise  indicate,  consistently  with  .this  view,  the 
relative  weiehts  of  atoms ;  and  accordingly  these  numbers  arc  often 
railed  atotnte  weighta.  Thus  as  water  is  composed  of  ei^ht  parts  of 
oxygen  and  one  of  hydrogen,  it  follows,  on  the  supposition  of  water 
consisting  of  one  atom  of  each  element,  that  an  atom  of  oxygen  must 
be  eight  times  as  heavy  as  an  atom  of  hydrogen.  If  carbonic  oxide 
is  formed  of  an  atom  of  carbon  and  an  atom  of  oxygen,  the  relative 
weights  of  their  atoms  are  as  6  to  8  ;  and  in  short  the  relative  weights 
of  the  atoms  of  all  other  bodies  are  expressed  by  the  numbers  which 
denote  their  combining  proportions. 

lliough  the  phenomena  of  chemical  combination  leave  little  doubt 
of  the  atomic  constitution  of  matter,  other  powerful  arguments  may 
now  be  adduced  in  favour  of  this  theory.  Dr  Wollaston,  in  his  Essay 
on  the  Finite  Extent  of  the  Atmosphere,  (Philos.  Trans,  for  1822) 
has  supported  this  doctrine  on  a  new  and  independent  principle,  the 
particulars  of  which  will  l>e  stated  in  the  section  on  nitrogen. 
Another  argument,  which  amounts  almost  to  demonstration,  is  de- 
ducible  from  the  peculiar  connection  noticed  by  Professor  Mitschcrlich 
between  the  form  and  composition  of  certain  substances,  a  subject 
which  will  be  discussed  under  the  head  of  crystallization. 

But  in  adopting  the  notion  that  matter  is  composed  of  ultimate  in- 
dividual particles,  I  am  by  no  means  satisfied  of  the  propriety  of  ex- 
pressing the  facts  of  the  science  in  language  founded  on  this  theory ; 
because  though  the  elements  of  bodies  be  arranged  atomically,  we  have 
DO  certaiu  method  of  ascertaining,  in  the  present  state  of  chemistry, 
how  many  atoms  are  contained  in  any  compound.  This  difficulty  is 
particularly  felt  with  respect  to  those  scries  of  .compounds  in  which 
half  a  proportion  occurs ;  foras  the  idea  of  half  an  atom  is  inconsistent 
witli  the  atomic  theory,  such  an  arrangement  of  the  atoms  must  be 
ioBgined,  as  shall  avoid  the  occurrence  of  a  fraction.  The  mode  of 
accomplishing  this  object  may  be  exemplified  in  reference  to  the  ox- 
ides 01  lead  and  iron,  the  constituents  of  which  were  mentioned  on  a 
former  occasion,  (page  117.)  The  oxides  of  lead  may  either  be  re- 
lEardcd  as  composed,  the  protoxide  of  one  atom  of  lead  to  one  atom  of 
oxygen,  the  deutoxide  of  two  atoms  of  lead  to  three  atoms  of  oxygen, 
and  the  peroxide  of  one  atom  of  lead  to  two  atoms  of  oxygen ;  or  they 
nay  be  viewed  as  compounds,  the  protoxide  of  one  atom  of  lead  to 
two  atoms  of  oxygen,  the  deutoxide  of  one  atom  of  lead  to  three  atoms 
of  oxygco,  and  the  peroxide  of  one  atom  of  lead  to  four  atoms  of  oxy- 
gen. In  like  manner  the  oxides  of  iron  are  either  composed,  the 
protoxide  of  one  atom  of  iron  and  one  atom  of  oxygen,  and  the 
peroxide  of  two  atoms  of  iron  to  three  atoms  of  oxygen ;  or  the  prot- 
oxide of  one  atom  of  iron  to  two  atoms  of  oxysen,  and  thepeiotxCi^  ol 
one  atom  ofiroa  to  three  atoms  of  oxygen.  The  unceiUmV^  ^iVVeii^- 
iiy  ibeae  atomic  specuUtioos  caoDoi  be  more  forcibly  e\mc^OL.\\\wiV^ 
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the  fact,  that  Berzelius  two  or  three  ^ears  ago  regarded  all  the  strong- 
er bases,  such  as  the  alkalies,  alkaline  earms,  and  the  protozidea  of 
several  of  the  common  metals,  as  composed  of  one  atom  of  metal  and 
two  atoms  of  oxygen  ;  but  that  he  has  suddenly  abandoned  this  view, 
aud  now  believes  the  very  same  substances  to  contain  one  atom  o( 
metal  and  one  atom  of  oxygen.  Such  sudden  changes  cannot  taks 
place  witliout  producing  material  confusion ;  and  tend  to  show  thil 
the  science  is  not  yet  so  far  advanced  as  to  admit  of  the  atomic  cod- 
stitution  of  bodies  being  settled  on  permanent  principles.  Until  tbe 
period  when  this  desirable  object  may  be  accomplished,  it  is  to  be 
i-oped  that  chemists  will  persevere  in  the  practice,  which  isnowuni* 
vcr5nl  in  Britain,  and  adopted  by  several  distinguished  philosophen 
on  the  continent,  of  stating  the  combining  proportions  of  bodies  tt 
i.caily  as  possible  in  the  way  supplied  by  analysis,  instead  of  doubHng 
^cmc Dumbers  and  halving  others  to  make  them  conformable  to  souw 
fitvourite  hypothesis  of  the  moment. 

Mr  Dalton  supposes  that  the  atoms  of  bodies  are  spherical,  and  Ins 
invented  certain  symbols  to  represent  the  mode  in  which  he  conceivis 
tlicy  may  combine  together,  as  illustrated  by  the  following  figures. 

Hydogen.  O  Oxygen. 

Nitrogen.  0  Carbon. 

Binary  Compounds^ 

O  O  Water. 

O   #  Carbonic  oxide. 

Ternary  Compounds, 

O   O   O  Dcutoxidc  of  hydrogen. 
O   #   O  C)urbonic  acid. 
&c.  &c.  &c. 

All  substances  containing  only  two  atoms  he  called  binary  cofff* 
pounds,  those  cotnposed  of  three  atoms  ternary  compounds,  of  four, 
quaternary,  and  so  on. 

llicrc  arc  several  questions  relative  to  the  nature  of  atoms,  most  of 
wliich  will  perhaps  never  bo  decided.  Of  this  nature  are  the  qaestions 
which  relate  to  the  actual  foTm,  size,  and  weight  of  atoms,  and  to  the 
circumstances  in  which  they  mutually  differ.  All  that  we  know  with 
any  certainty  is,  that  their  weights  do  differ,  and  by  exact  analyils 
the  relations  between  them  may  be  determined. 

It  is  but  justice  to  the  memory  of  the  late  Mr  Higgins  of  Dublb, 
to  state  that  he  first  made  use  of  the  atomic  hypothesis  in  chendcal 
reasonings.  In  his  *'  Comparative  View  of  the  phlogistie  and  anti* 
phloojistic  theories,"  published  in  the  year  1789,  he  observes  (pages 
V>ij  and  :{7)  that ''  in  volatile  vitriolic  acid,  a  single  ultimate  particle 
of  sulphur  is  intimately  united  only  to  a  single  particle  of  dephlogist^ 
rated  air;  and  that,  in  perfect  vitriolic  acid,  every  single  particle  of 
sulphur  is  united  to  two  of  dcphlogisticated  air,  being  the  quantity 
necessary  to  saturation  ;"  and  he  reasons  in  the  same  way  concerning 
the  constitution  of  water  and  the  compounds  of  rMtrogen  and  oxygen. 
These  remarks  of  Mr  Higgins  do  not  appear  to  have  had  the  sliffhtest 
connection  with  the  subsequent  views  of  Mr  Dalton.  Indeed  from 
facts  which  have  come  to  my  knowledge  relating  to  the  histoiy  of  BIr 
Dalton's  discovery,  I  am  satisfied  that  this  philosopher  had  not  seen 
the  work  of  Mr  Higgins  till  after  he  had  given  an  account  of  his  own 
doctriae.  The  observations  of  Mr  Hifrevns,  therefore,  though  highly 
s^-  -^  creditable  to  his  sagacity,  do  not  affect  Mi  D^WoG^acXuxsiXn  ^fii^^miBS^^ 
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They  were  made,  moreover,  in  so  casual  a  maDner,  as  not  only  not  to 
iMTe  attracted  the  notice  of  bis  contemporaries,  but  to  prove  that  Mr 
Hisgins  himself  attached  no  particular  interest  to  them.  Mr  Dalton's 
fealmerit  iies  in  the  discovery  of  the  Laws  of  Combination,  a  dis- 
covery which  is  solely  and  indisputably  bis ;  but  in  which  he  would 
have  been  anticipated  by  Mr  Higgins,  had  that  chemist  perceived  the 
importance  of  his  own  opinions. 

On  the  Theory  of  Volumes, 

Soon  after  the  publication  of  the  New  System  of  Chemical  Philoso- 
phy in  1908,  in  which  work  Mr  Dalton  explained  his  views  of  the 
itomic  constitution  of  bodies,  a  paper  appeared  in  the  second  volume 
tiiheMemoireB  d'jirctieil,by  M.  Gay-Lussac,  on  the  "  Combination 
of  Gaseous  Substances  with  one  another."  He  there  proved  that 
(pises  unite  together  by  volume  in  very  simple  and  definite  propor- 
tions. In  the  combined  researches  of  himself  and  M.  Humboldt, 
those  gentlemen  found  that  water  is  composed  precisely  of  100 
measures  of  oxygen  and  200  measures  of  hydrogen ;  and  M.  Gay-Lus- 
eac,  bein^  struck  by  this  peculiarly  simple  proportion,  was  induced  to 
examine  the  combinations  of  other  gases  with  the  view  of  ascertaining 
if  any  thing  similar  occurred  in  other  instances. 

The  first  compounds  which  he  examined  were  those  of  ammoniacal 
gas  with  muriatic,  carbonic,  and  fiuoboric  acid  gases.  100  volumes  of 
the  alkali  were  found  to  combine  with  precisely  100  volumes  of 
muriatic  acid  gas,  and  they  could  be  made  to  unite  in  no  other  ratio. 
With  both  the  other  acids,  on  the  contrary,  two  distinct  combinations 
were  possible.    These  are 

100  Fluoboric  acid  gas,  with  100  Ammoniacal  gas. 
100  do.  200  do. 

100  Carbonic  acid  gas  100  do. 

100  do.  200  do. 

Various  other  examples  were  quoted,  both  from  his  own  experi- 
ments and  from  those  of  others,  all  demonstrating  the  same  fact. 
Thus  ammonia  was  found  by  M.  A.  Bertholfet  to  consist  of  100 
volumes  of  nitrogen  and  300  volumes  of  hydrogen.  100  volumes  of 
sulphurous  acid  and  60  volumes  of  oxygen  produced  sulphuric  acid. 
Carbonic  acid  is  composed  of  50  volumes  of  oxygen  and  100  volumes 
of  carbonic  oxide. 

From  these  and  other  instances  M.  Gay-Lussac  established  the  fact 
that  gaseous  substances  unite  in  the  simple  ratio  of  1  to  1, 1  to  2,  1  to 
8,  &c. ;  and«tbis  original  observation  has  been  confirmed  by  such  a 
multiplicity  of  experiments,  that  it  may  be  regarded  as  one  of  the  best 
established  laws  in  chemistry.  Nor  does  it  apply  to  the  true  gases 
merely,  but  to  vapours  likewise.  For  example,  sulphuretted  hydrogen, 
sulphurous  acid,  and  hydriodic  acid  gases  are  composed  of 

1<K)  vol.  hydrogen,  and  100  vol.  vapour  of  sulphur. 
100         oxygen  100         .        .        sulphur. 

100         hydrogen  100        .  iodine. 

There  are  very  good    grounds  to  suppose,  also,  that  solid  bodies 
which  are  fixed  in  the  fire  would,  when  in  the  form  of  vapour,  be  sub- 
ject to  the  same  law.    By  a  method  which  will  be  explained  after- 
wards, we  may  calculate  what  the  specific  gravity  of  c&iboiivi^v\dL\^«> 
\i  eoDveried  iato  vMpour;  and  0.4166  ia  the  numbei  BO  del&iiuVli<b^«^V- 
mot^beHc  sir  being  unity.    Now,  if  we  assume  that  CwV>liVC  ^c\^N» 

Xr    2 
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formed  of  100  volumes  of  oxygen,  and  100  volumes  of  the  Tipear  of 
carbon,  condensed  into  the  space  of  100  volumes,  the  specific  ptvitj 
of  carbonic  acid  will  be  1.1111  (the  sp.  gr.  of  ;ozvKen)4.0.41M 
;=  1.6277,  which  is  the  precise  number  determined  by  expeiimsBi 
Again,  it  follows  from  our  assumption,  that  carbonic  acid  ia  compoied 
by  weight  of 

Oxygen  1.1  111  16,  or  two  proportiontlv. 

Carbon  0.4166        .         6,  or  one  proportionaL 

and  this  deduction  is  confirmed  by  analysis. 

If  wo  assume  that  carbonic  oxide  is  composed  of  60  yolumea  of  01^- 
gen  and  100  volumes  of  the  vapour  of  carbon,  condensed  into  tli 
space  of  100  volumes,  then  its  specific  gravity  will  be  0.6666  (bdf 
the  sp.  gr.  of  oxygen)  +0.4166=0.9721 ;  and  its  composition  wiU  to 

Oxygen  0.5555        .  8,  or  one  proportional. 

Carbon  0.4166  6,  or  one  proportionaL 

both  of  which  resuHs  have  been  determined  by  other  methods. 

The  compounds  of  carbon  and  hydrogen  are  equally  illustiaUve  of 
the  same  point.  If  light  carburetted  hydrogen  is  formed  of  200  Tot* 
umes  of  hydrogen  and  100  volumes  of  the  vapour  of  carbon,  condens* 
ed  into  100  volumes,  its  specific  gravity  should  be  0.18S8  (twice  tbe 
sp.  gr.  of  hydrogen)  +0.4166=0.5554;  and  its  composition  by  wdg^t 
will  be 

Hydrogen        .        0.1388  .        .        2,  or  two  P. 

Carbon  .        0.4166  .        .        6,  or  one  P. 

If  100  volumes  of  olefiant  gas  are  composed  of  200  volumes  of  by* 
drogen  and  200  volumes  of  the  vapour  of  carbon,  its  specific  gravity 
will  be  0.1888+0.8332=0.9720 ;  and  iU  compositioa  by  weight 
must  be 

Hydrogen        .        0.1388  .        .        2,  or  two  P. 

Carbon  ,        0.8332  .        .      12,  or  two  P. 

I  need  hardly  observe  that  both  these  results  liave  been  ascertafaMd 
by  analysis. 

Another  remarkable  fact  established  by  M.  Gay^ussac  in  the  same 
paper  is,  that  the  diminution  of  bulk  which  gases  frequent^  sufler  la 
combining,  is  also  in  a  very  simple  ratio.  Thus,  the  4  volumes  of 
which  ammonia  is  constituted,  (3  Volumes  of  hydrogen  and  1  of  nitro- 
gen) contract  to  one-half  or  two  volumes  when  they  unite.  There  is 
a  contraction  to  two-thirds  in  the  formation  of  nitrous  oxide  gas.  The 
same  applies  to  the  combination  of  gases  and  vapours.  There  is  a  con- 
traction to  a  half  in  the  formation  of  sulphuretted  hydrogen  ;  and  to  i 
half  in  that  of  sulphurous  acid.  The  instances  justquoted  relative  to 
the  vapour  of  carbon  confirm  the  same  remark.  There  is  a  contne- 
tion  to  two-thirds  in  carbonic  oxide ;  to  a  half  in  carbonic  acid ;  to 
a  third  in  light  carburetted  hydrogen  ;  and  to  a  fourth  in  olefiant  g|f • 

The  rapid  progress  which  chemistry  has  made  within  the.  last  few 
years  is  in  ^eat  measure  attributable  to  the  ardour  with  which  pnsa- 
matic  chemistry  has  been  cultivated.  That  very  department  wmcb  at 
first  sight  appears  so  obscure  and  difficult,  has  afforded  a  greatermun- 
her  of  leading  facts  than  any  other ;  and  the  law  of  6ay-Lussac,  by 
giving  an  additional  degree  of  precision  to  such  researches,  as  well  as 
from  its  own  intrinsic  value,  is  one  of  the  brightest  discoveries  that 
Mdom  the  annals  of  the  science.  The  pni^^ce  o\  «ii^\iA&ti%53DAqpan- 
tity  ia  wei^i  of  any  gas,  by  meaauno^Wa  \i^]Q^LOt  '^^mtba^^V^ksiMl 
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■meeptiUe  of  much  accuncy,  is  rendered  still  more  preeise  tod  fitis- 
&cto^  by  the  operation  of  this  law.  It  wUl  not  perhaps  be  soperflu- 
OII09  tnerefore,  to  exemplify  the  method  of  reasoning  employed  in 
thea*  investigations  by  a  few  examples ;  which  will  serve,  moreover, 
as  a  useful  specimen  .to  the  beginner  of  the  nature  of  chemical  proof. 
One  essential  element  in  eveiy  inquiry  of  this  kind,  which  is  indeed 
the  keystone  of  the  whole,  is  a  knowledge  of  the  specific  gravity  of 
the  gases.  But  it  is  exceedingly  difficult  to  determine  the  specific  ^- 
vity  of  gases  with  perfect  accuracy ;  for  not  only  do  slight  alterations 
of  temperature  and  pressure  during  the  experiment  affect  the  result, 
bat  the  presence  of  a  little  watery  vapour,  atmospheric  air,  or  other 
imparity,  ma^  cause  material  error,  especially  when  the  gas  to  be 
weighed  is  either  very  light  or  very  heavy.  The  specific  gravity >f 
important  gases  has,  accordingly,  been  stated  differently  by  different 
cbemists,  and  there  is  none  in  regard  to  which  more  discordant  state- 
ments of  this  fact  have  been  made  than  of  hydrogen  gas.  Fortunately 
we  possess  the  power  of  conecting  the  results,  and  of  estimating  their 
accuracy  by  means  of  other  data,  upon  which  ^ater  reliance  may  be 
phiced.  According  to  our  best  data,  the  specific  gravity  of  oxygen, 
fiydrogen,  and  nitrogen  gases,  air  being  1,  is 

Oxygen  .  .  1.1111 

Hydrogen  .  0.0694 

Nitrogen  .  0.9722 

It  has  been  proved  by  analysis  that  200  volumes  of  ammoniaeal  gas 
are  composed  of  800  volumes  of  hydrogen  and  100  volumes  of  nitro- 
gen, a  fact  from  which  the  specific  gravity  of  that  alkali  may  be  cal- 
culated. 

Thus,  0.9722+(0.0694x3)=:1.1804 

.J =0.2951,  the  specific  gravity  which  ammoniaeal  gas  should 

4 
have,  did  its  constituent  gases  suffer  no  contraction  ;  but  as  they  con- 
tract to  one-half,  the  real  specific  gravity  is  double  what  it  otherwise 
Would  be,  or  is  0.5902.  Now,  if  by  weighing  a  certain  quantity  of 
immoniacal  gas,  the  same  number  is  procured  for  its  specific  gravity, 
it  follows  that  ail  the  elements  of  the  calculation  must  nave  been  cor- 
rect. 

Nitric  oxide  is  composed  of  100  volumes  of  nitroeen  and  100  vol- 
umes of  oxygen,  united  without  any  contraction,  and  forming,  conse- 
□uentiy,  200  volumes  of  the  compound.    Its  specific  gravity  must, 

1       r        V    *v                 r*                      *         1.1111+0.9722      .  ^„^ 
therefore,  be  the  mean  of  its  components,  or  ' s:l.0416. 

The  coincidence  of  this  calculated  result  with  that  determined  by 
weighing  the  gas  itself,  proves  that  all  the  data  are  true.  It  is  obvi- 
ous, indeed,  that  the  calculated  results,  as  being  free  from  the  unavoida- 
ble errors  of  manipulation,  must  be  the  most  accurate,  provided  the 
elements  of  the  calculation  may  be  trusted. 

Dr  Henry  has  proved  by  careful  analysis  that  100  volumes  of  light 
carburetted  hydrogen  gas,  a  compound  of  carbon  and  hydrogen,  require 
200  volumes  of  oxygen  for  complete  combustion  ;  that  water  and  car- 
bonic acid  are  the  sole  products ;  and  that  the  latter  amounts  precisely 
to  100  volumes.  From  these  data,  the  proportions  of  its  constituents 
ind  its  specific  gravity  may  be  determined.  For  100  volumes  of  car- 
bonic acid  contain  100  volumes  of  the  vapour  of  carbon,  which  must 
have  been  present  in  the  carburetted  hydrogen,  and  100  vo\\aj[^^^ 
oxygen.    One-half  of  the  oxygen  originally  employed  \a  Owi^^^^Xr 


128  On  the  Lawe  of  Combination. 

ed  for ;  and  the  remainder  must  have  combined  with  bydrogeB.  Bit 
100  Tolumes  of  oxygen  require  200  volumes  of  hydrogen  for  conbiM- 
tion,  all  of  which  must  lilcewise  have  been  contained  in  the  carbnettBd 
bydroKOD.  The  100  volumes  of  light  carburetted  hydrogen,  nibiiMad 
to  analysis,  are  hence  composed  of  100  volumes  of  the  vapoaref  c» 
bon,  and  200  volumes  of  hydrogen.  Its  specific  gravity  most  dMra* 
fore-be  0.5554 ;  that  is,  0.4166  (the  sp.  gr.  of  carbon  vapour)  +0.1188^ 
or  twice  the  sp.  gr.  of  hydrogen  gas. 

Having  ascertained  that  light  carburetted  hydrogen  gas  is  eompoiei 
of  two  measures  of  hydrogen  to  one  of  the  vapour  of  .carbon.  It  ii 
easy  to  calculate  the  proportion  of  its  constituents  in  weight  ¥m 
this  purpose  we  need  only  multiply  the  bulk  of  the  gases  by  their  i» 
pective  specific  gravities.  Thus  200 x0.0694r=  18.88,  and  lOOX 
0.4166=41.66.  Hence  light  carburetted  hydrogen  is  composed  Iff 
weight  of 

Carbon  .  .  41.66  .  6 

Hydrogen        .  .  13.83  .  2 

The  theory  of  volumes  has  very  considerable  resemblance  to  the 
laws  of  combination  by  weight  developed  by  Mr  Dalton ;  for  the  ml- 
tiple  proportions  are  as  apparent  in  the  former  as  in  the  latter.   Bat 
there  is  one  remarkable  difference  between  them.    The  wei|^t8  of  tiis 
two  elements  of  a  compound  have  no  apparent  dependence  on  OM 
another.    Thus  6  parts  of  carbon  and  S  of  oxygen  constitute  carboak 
oxide,  and  8  parts  of  oxygen  and  14  of  nitrogen  are  contained  in  nt 
trous  oxide ;  but  eight  is  not  a  multiple  by  any  whole  number  of  8i 
nor  14  of  8.    On  the  other  hand,  the  elements  of  a  compound  m 
always  united  by  volume  in  the  ratio  of  1  to  1, 1  to  2,  1   to  8,  aid 
so  ou.    This  simple  ratio  is  peculiarly  interesting,  because  it  appein 
to  indicate  a  close  correspondence  in  the  size  oithe  atoms  of  gisaoai 
bodies.    It  naturally  suggests  the  idea  that  this  peculiarity  may  vin 
from  the  atoms  of  elementary  principles  possessing  the  same  mapi* 
tude.    On  this  supposition,  equal  measures  of  sucn  sulMtances  In  tlis 
gaseous  form,  at  the  same  temperature  and  pressure,  would  probib^ 
contain  an  equal  number  of  atoms ;  and  the  specific  gravity  of  thaiB 
gases  would  depend  ou  the  relative  weights  of  their  atoms.    Hh 
same  numbers  which  indicate  the  specific   gravity   of.elementiiy 
principles  in  the  gaseous  state,  would   then  express  tlie  leladfo 
weights  of  their  atoms;  so  that  the  latter  would  be  ascertained  by 
means  of  the  former,  or  the  atomic  weight  of  a  solid  or  liquid  rem- 
sent  the  specific   gravity  of  its  vapour.    The  proportional  nnmbeif 
adopted  by  Sir  H.  Davy  in  his  Elements  of  Chemical  I%ilosophy,  and 
the  atomic  weights  employed  by  Berzelius  in  his  System  of  CiiODli- 
try,  were  selected  in  accordance  with  this  view,    llius  water  being 
formed  of  2  measures  of  hydrogen  and  1  measure  of  oxygen,  ia  be- 
lieved by  Berzelius  to  consist  of  2  atoms  of  the  former  and  1  atom  of 
the  latter ;  and  for  a  similar  reason,  he  regards  the  protoxide  of  ni- 
trogen as  a  compound  of  2  atoms  of  nitrogen  and  1  atom,  of  oxyten. 
The  atoms  and  volumes  of  the  four  elementary  gases,  oxygen,  cW 
rinc,  hydrogen,  and  nitrogen,  are  thus  made  to  coincide  With  eidi 
other.    This  method,  though  perhaps  preferable  to  any  other,  lias  not 
hitherto  been  generally  followed.    Most  chemists  consider  water,  pio- 
toxide  of  chlorine,  and  protoxide  of  nitrogen,  as  containing  one  atom 
of  each  of  their  elements ;  and,  consequently,  as  these  compoonda 
consist  ofl  measure  of  oxygen  united  with  2  measures  ef  the  olhsr 
constituentj  the  atom  of  bjdiogen,  cYi\nniife,  vndix^Nxu^ysQ^^gi  «ii{Qaied 
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.o  occupy  twice  as  much  space  as  an  atom  of  oxygen.  An  atom  of 
>xygen  la  therefore  represented  by  half  a  volume,  and  an  atom  of  the 
liner  three  gases  by  a  whole  volume. 

Dr  Prout  in  an  ingenious  essay  « On  the  Relation  between  the 
ipecific.Gravities  of  Bodies  in  their  Gaseous  State  and  the  Weights 
>f  their  Atoms,"  published  in  the  6th  volume  of  the  Annals  of  Phi- 
CMopby,  (Old  Series,  p.  321,)  considers  it  probable  that  the  same  re- 
atloD  which  is  thought  to  exist  between  the  atoms  and  volumes  of  the 
bur  elementary  gases,  may  hold  equally  of  the  vapours  of  tho  other 
dements.  Thus  in  representing  the  atom  of  oxygen  by  half  a  vol- 
nme^  he  believes  the  atoms  of  the  other  elementary  principles,  such 
u  iodioey  carbon,  and  sulphur,  correspond  to  a  whole  volume  of  their 
vapour.  From  this  he  has  deduced  a  mode  of  calculating  the  specific 
grmyity  of  any  vapour  from  the  atomic  weight  of  the  body  which 
yields  it.  The  rule  consists  in  multiplying  0.5555,  or  half  the  specific 
gravity  of  oxygen  gas,  by  the  atomic  weight  of  any  element,  and  di- 
'viding  the  product  by  the  atomic  weight  of  oxygen ;  the  quotient  is 
the  specific  gravity  of  the  vapour.  For  example,  the  specific  gravity 
of  the  vapour  of  carbon  is  thus  found :  As 

8:6::  0.5555 :  0.4166 

in  which  8  is  the  atomic  weicht  of  oxygen,  6  that  of  carbon,  and 
0.4166  the  spedfic  gravity  of  the  vapour  of  carbon.  The  same  rela- 
tion which  exists  between  the  atomic  weight  of  oxygen  and  half  its 
specific  gravity,  sulMists  between  the  atomic  weight  of  any  other  ele- 
ment,  and  the  specific  gravity  of  its  vapour.  Though  the  accuracy  of 
Dr  Prout's  views  has  not  yet  been  established  by  experiment,  his 
fonnula  may  often  be  employed  with  advantage. 

In  the  essay  above  quoted,  Dr  Prout  has  advanced  several  instan- 
ces, in  which  the  equivalents  or  atomic  weights  of  bodies  appear  to  bo 
multiples  by  a  wliole  number  of  the  atomic  weight  of  hydrogen  gas ; 
and  he  threw  out  a  conjecture  that  the  same  relation  may  perhaps  exist 
in  other  tases.  This  subject  has  since  been  experimentally  investi- 
gated bv  Dr  Thomson,  who  has  declared  after  a  most  elaborate  in- 
quiry, the  fruits  of  wliich  are  contained  in  his  "  First  Principles  of  Che- 
mistry," that  the  law  is  of  universal  application ;  that  the  atomic 
weights  of  ail  the  simple  substances  which  he  has  examined  are  not 
only  multiples  by  a  whole  number  of  the  atomic  weight  of  hydrogen, 
but  with  a  few  exceptions  of  two  atoms  of  hydrogen.  But  in  opposi- 
tion to  this  statement,  Berzelius  insists  that  the  law  is  inconsistent 
with  the  results  of  his  analyses,  and  that  the  experiments  of  Dr  Thom- 
son are  inaccurate.  Considering  the  direct  opposition  of  evidence, 
and  the  authority  by  which  it  is  supported  on  both  sides,  we  cannot 
but  infer  that  the  question  is  just  as  far  from  being  decided  as  ever. 

On  the  Theory  of  Berzelius. 

It  if  well  known  tliat  the  celebrated  professor  of  Stockholm  has  for 
many  years  devoted  himself  to  the  study  of  the  laws  of  definite  pro- 
portions, and  that  he  has  been  led  to  form  a  peculiar  hypothesis,  by 
way  of  generalizing  the  facts  which  his  industry  had  collected.    To 

S've  a  detailed  account  of  his  system  does  not  fall  within  the  plan  of 
Is  work ;  but  considering  the  extraordinary  number  of  facts  with 
which  this  indefatigable  chemist  has  enriched  the  science,  and  es- 

Gcially  this  department,  I  think  it  proper  to  give  a  ahoil  ^ceoMxA  ol 
I  doctrioef>  omHag  at  the  aame  time  a  few  commeiiU  w^otv  ^<&tu« 
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Berzelius  mentions  in  the  historical  introduction  to  his  trattise  (M 
the  **  Theory  of  Definite  Proportions,"  that  he  commenced  Us  rasei^ 
d^es  on  the  subject  in  the  year  1807 ;  and  thai  they  originated  In  ths 
study  of  the  Worlcs  of  Richter.  From  Richter*8  explanation  of  the 
fact,  that  when  two  neutral  salts  decompose  one  anotlier,  the  molt^ 
ing  compounds  aro  likewise  neutral,  he  perceived  that  one  good 
analysis  of  a  few  salts  would  furnish  the  means  of  calculating  the  com- 
position of  all  others.  He  accordingly  entered  upon  an  inqiBry,  wliidi 
was  at  first  limited  in  its  object:  but  as  he  proceeded,  liis  views  en- 
larged, and  advancing  from  one  step  to  another,  he  at  length  ssl 
about  determining  the  laws  of  combination  in  eeneral.  In  penuisf 
his  account  of  the  investigation,  we  are  at  a  loss  whether  most  Is 
admire  the  number  of  exact  analyses  which  he  performed,  the  Taristy 
of  new  facts  he  determined,  his  acutencss  in  detecting  sources  of  M^ 
Tor,  his  ingenuity  in  devising  new  analytical  processes,  or  the  ps^ 
severing  industry  which  lie  displayed  in  every  part  of  the  ioqiirf* 
But  it  is  at  the  same  time  impossible  to  suppress  regret,  that,  instssd 
of  forming  a  complex  system  of  his  own,  he  did  not  adopt  the  slnpls 
views  of  Mr  Dalton.  Tliis  he  might  have  done  with  very  great  pit- 
piiety ;  since  the  fundamental  laws  which  he  discovered,  are,  with 
very  little  exception,  either  identical  with  those  previously  pointed 
out  by  the  British  philosopher,  or  the  direct  result  of  their  opeittioe* 

Berzelius  assumes,  with  Mr  Dalton,  the  existence  of  ultimate  iiifU- 
vlsible  atoms,  to  the  combination  of  which  with  one  another  the  Itvs 
of  chemical  proportion  are  owing. 

The  first  iavs"  of  ?3erzclius  is  the  following.  «  One  atom  of  ens 
-element  unites  with  1,  2,  3,  or  more  atoms  of  another  element/^ 
This  coincides  with  the  law  of  Mr  Dalton,  and  requires  no  commeDC^ 
further  than  that  it  has  been  amply  confirmed  by  the  labours  of  B6^ 
zelius.  The  second  is,  that  "  two  atoms  of  one  element  cofflbtas 
with  three  and  five  atoms  of  another."  These  are  the  two  hwf 
which  regulate  the  union  of  simple  or  elementary  atoms. 

The  combination  of  compound  atoms  with  each  other,  obcjf 
another  law,  and  is  confined  within  still  narrower  limits.  <'  Two  CMi- 
pounds  which  contain  the  same  electro-negative  body,  always  eom* 
bine  in  such  a  manner  that  the  electro-negative  element  of  the  one  li 
a  multiple  by  a  whole  number  of  the  same  element  of  the  other." 
Thus,  for  instance,  if  two  oxidized  bodies  unite,  the  oxygen  of  oneii 
a  multiple  by  a  whole  number  of  the  oxygen  in  the  other.  .Variow 
examples  may  be  given  of  this.    The  hydrate  of  potassa  is  composed  of 

Potassa  48,  the  oxygen  of  which  is  8. 
Water      9,  do  8. 

In  like  manner,  if  two  acids  or  two  oxides  combine,  the  same  wiB 
be  observed. 

In  the  earthy  minerals  which  often  contain  several  oxides,  the  samo 
law  is  found  to  prevail  with  great  uniformity. 

The  composition  of  the  salts  is  likewise  under  its  influence.  Ga^ 
bonate  of  potassa,  for  example,  is  composed  of 

Carbonic  acid  22,  the  oxygen  of  which  is  16. 
Potassa    .       48,  do  8. 

aod  sulphate  of  potassa  of 

Sulphuric  acid  40,  the  oxygen  of  which  is  24. 
Potassa      •      48,  d^.  8. 
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xelius  bu  remarked,  that  the  nitrates,  phosphates,  and  arseni- 
niy  proTe  exceptions  to  the  law  in  some  instances.  There  la 
;  similar  relation  in  salts  which  contain  water  of  crystallization, 
en  the  oxygen  of  the  base  of  the  salt  and  that  of  the  water, 
stance,  crystallized  sulphate  of  soda  is  composed  of 

Sulphuric  acid  40. 

Soda        .        82,  the  oxygen  of  which  is    8. 

Water      .        90,  do  80. 

ible  salts  are  also  influenced  by  the  same  law.  In  the  tartrate  of 
a  and  soda,  for  example,  the  oxygen  of  the  potassa  is  exactly 
to  the  oxygen  in  the  soda;  and  the  oxygen  in  the  tartaric  acid, 

neutralizes  the  potassa,  is  equal  to  that  of  the  soda. 

this  is  not  all  that  Berzelius  has  remarked  with  respect  to  the 
tution  of  the  salts.  He  observes  that  in  each  series  of  salts,  the 
relation  always  exists  between  the  oxygen  of  the  acid  and  of  the 

In  all  the  neutral  sulphates  this  ratio  is  as  three  to  one,  as  may 
m  in  the  sulphates  of  soda  and  potassa.  In  the  carbonates,  the 
n  of  the  acid  is  double,  and  in  the  bicarbonates  quadruple  the 
a  of  the  base. 

existence  of  these  remarkable  laws  was  discovered  by  Berze- 
a  very  early  period  of  his  researches;  and  he  mentions,  that  as 
[uent  observation,  during  the  course  of  several  years,  has  not 
td  a  single  exception  to  them,  he  now  regards  them  as  universal, 
cordingly  places  unlimited  confidence  in  their  accuracy^  and  is 

habit  of  calculating  the  composition  of  bodies  on  this  princi- 

rill  of  course  be  interesting  to  inquire  into  the  cause  of-  these 
mena ;  to  ascertain  if  there  is  any  property  peculiar  to  oxygen,  or 
negative  electrics,  which  may  give  rise  to  them.  Berzelius 
If  says  that  **  the  cause  is  involved  in  such  deep  obscurity,  that 
npossible  at  the  present  moment  to  give  a  probable  guess  at  it." 
)  the  misfortune  to  differ  entirely  from  Berzelius  on  this  question, 
from  being  obscure,  it  is  perfectly  intelligible,  and  is  precisely 
nay  be  anticipated  from  the  present  state  of  chemical  knowledge. 
of  the  salts  called  neutral  sulphates,  are  composed  of  one  pro- 
n  or  one  atom  of  sulphuric  acid,  and  one  proportion  of  some  prot- 
.  This  is  the  case  with  all  the  alkaline  and  earthy  sulphates, 
ith  several  of  the  common  metals,  such  as  lead,  zinc,  and  iron, 
one  proportion  of  sulpuric  acid  is  composed  of 

Sulphur  16 — one  proportion. 
Oxygen  24 — three  proportions. 

irery  protoxide  of 

Metal  — one  proportion. 

Oxygen       8 — one  proportion. 

Qce  a  number  of  laws  may  be  deduced  which  must  hold  in  every 
ite  of  a  protoxide. 

The  oxygen  of  the  acid  is  a  multiple  of  that  of  the  ba^e. 
riie  acid  contains  three  times  as  much  oxygen  as  the  base. 
The  sulphur  of  the  acid  is  just  double  the  oxygen  of  the  base. 
The  acid  itself  is  five  times  as  much  as  the  oxygen  of  the  base, 
tnllic  sulphurets  are  frequently  composed  of  one  proportion  of 
element ;  and  should  oxidation  ensue,  so  that  the  sulphur  is  cotv- 
]  into  sulphuric  acid,  and  the  metal  into  a  prolox'ide,  l\\e^  vivW 
the  exact  proportion  for  forming  a  Deutral  sulphate.    BevLcXvia 
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has  proved  by  analysis  that  this  happens  frequently,  and  he  is  dispoiad 
to  convert  it  into  a  general  law. 

Again,  the  carbonates  are  composed  of  one  proportion  of  caibonie 
acid,  and  one  proportion  of  some  protoxide.  But  one  proportion  of 
carbonic  acid  is  composed  of 

Carbon    6,  one  proportion. 
Oxygen  16,  two  proportions. 

and  every  protoxide  of 

Metal         one  proportion, 
t  Oxygen  8,  one  proportion. 

It  is  inferred,  therefore,  that  in  all  the  carbonates,  the  oxygen  of  ths 
acid  is  exactly  double  that  of  the  base ;  and  the  same  mode  of  resMMH 
ing  is  applicable  to  tiie  various  genera  of  salts.  These  few.  ezamplei 
will  suffice  to  show,  that  what  seemed  so  obsure  to  Berzeliai»  ii 
rendered  quite  obvious  by  the  Daltonian  method.  We  pereebi^ 
moreover,  that  no  constant  ratio  can  exist  between  the  quantity  of 
oxide  and  that  of  the  acid  or  oxyeen  of  the  acid ;  and  the  leiaon  ii| 
because  the  atomic  weights  of  the  metals  in  general  are  diflennt 
But  this  view  of  the  subject  answers  another  useful  purpose;  U 
enables  us  to  see  whether  the  law  of  Berzelius  is  or  is  not  univend. 
The  observations  made  on  this  subject  by  Dr.  Thomson,  in  his  "Fint 
Principles  of  Chemistry,"  aro  so  much  to  the  point,  that  I  cannot  do 
better  than  give  them  in  his  own  words. 

"  Before  concluding  these  general  observations,"  stiys  Dr  Thomson, 
"  I  may  say  a  few  words  on  Berzelius'  law,  that  in  all  salts;  the  atoms 
of  oxygen  in  the  acid  constitute  a  multiple  by  a  Whole  number  of  the 
atoms  of  oxygen  of  the  base.  This  law  was  founded  upop  the  fiist 
set  of  exact  analyses  of  neutral  salts  which  Berzelius  made,  ^ow,  ai 
neutral  salts  in  general  are  combinations  of  an  atom  of  a  protoxide 
with  an  atom  of  an  acid,  it  is  obvious  that  the  atoms  of  oxygen  In  the 
acid  must  in  all  such  salts  be  multiples  of  the  atom  of  oxygen  in  the 
base ;  because  every  whole  number  is  a  multiple  of  unity.  Neuttl 
salts,  therefore,  are  not  the  kind  of  salts  by  means  of  wluch  the  pre* 
dsion  of  this  supposed  law  can  be  put  to  the  test. 

**  Even  in  the  subsalts,  composed  of  1  atom  of  acid  united  to  2 
atoms  of  base,  it  is  obvious  enough  that  the  law  will  hold  whenever  tlie 
acid  combined  with  the  base  happens  to  contain  2  or  4,  or  any  evso 
number  of  atoms ;  because  all  even  numbers  are  multiples  of  2.  Nov 
this  is  the  case  with  the  following  acids : 

Antimonic.  Citric. 

Manganesic.  Saclactie 

Molybdous.  Chromous. 
Uranitic. 

Consequently,  the  law  must  hold  good  in  all  combinations  of  1  atom  , 
of  these  acids  with  2  atoms  of  base." 

"  In  the  case  of  all  those  acids  which  contain  only  one  atom  of 
oxygen,  all  the  subsalts  composed  of  1  atom  of  the  acid  united  to  8 
atoms  of  base,  the  law  will  also  in  some  sort  hold  :  for  the  atoms  of 
the  oxygen  in  such  acids  being  1,  this  number  will  always  be  a  rai- 
multiple  of  2,  the  number  of  atoms  of  okygen  in  2  atoms  of  base. 
This  is  the  case  with  the  following  acids : 

Silicic  Hypo-sulphurous. 

PhoephoTOUS.       Oi^d«  ol  V.€\\ui^>aiii, 


Phosphoric. 

Nitrous. 

Carbonic. 

Titanic 

Boracic. 

Arsenious. 

Sulphurous. 

Selenic. 

Atoms  of 

. 

Oxygen, 

tiuric  acid  . 

3 

tiic     . 

3 

»iDic  . 

8 

rbdic. 

3 

r:    : 

3 
3 

Bic 

3 
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It  only  in  the  sabsalts  of  acids  containing  an  odd  number  of 
Bf  oivgen,  that  exceptions  to  ttie  law  can  exist.  It  is  to  tbem, 
rOy  tnat  we  must  tiave  recourse  when  we  wish  to  determine 
»r  this  empirical  law  of  Berzelius  be  founded  in  nature  or  not. 
ihere  are  13  acids,  the  integrant  particles  of  which  contain 
number  of  atoms  of  oxygen.  The  following  table  exhibits  the 
of  these  acids,  together  with  the  number  of  atoms  of  oxygen 
I. 

Atoms  of 
Oxygen, 
Acetic  acid  •        .        3 

Succinic      ...        3 
Benzoic      .        .  3 

Nitric  ...        5 

Tartaric       .  •      .        .        5 
Hypo-sulphuric  .        2^*' 

liomson  informs  us  that  the  number  of  subsalts  he  has  examin- 
ixceedingly  small,  because  his  **  object  was  not  to  investigate 
tb  of  Berzelius'  law,  but  to  determine  the  quantity  of  water  of 
tizition  which  the  salts  contain."  He  observes,  that  "  it  would 
lybe  a  most  remarkable  circumstance,  if  2  atoms  of  any  protox- 
«  hicapable  of  combining  with  1  atom  of  any  of  the  13  acids  in  the 
iig  list."  Dr  T.  adduces  seven  instances  in  which  (his  does 
,  three  of  which  are  completely  in  point,  being  a  subsulphate 
ina,  a  subacetate  of  lead,  and  a  subacetate  or  copper ;  and  he 
-miaded  that  many  more  will  be  discovered  whenever  the  atten- 
chcmists  is  particularly  turned  to  the  subsalts."  He  also  men- 
tber  kinds  of  salts,  in  regard  to  which,  for  equally  obvious  rea- 
de  law  cannot  and  does  not  hold. 

le  eixtracts  will  suffice  for  placing  the  law  of  Berzelius  in  its  true 
for  showing  that  it  is  a  direct  consequence  of  the  general  ope- 
of  the  Laws  of  Definite  Proportion  ;  and  that  we  must  expect 
some  exceptions  to  his  law,  derived  from  the  very  cause  which 
ise  to  it.  It  is  to  be  hoped  that  Berzelius  will  take  the  remarks 
^omson  into  mature  consideration,  by  which  he  will  probably 
e  that  bis  favourite  canon  is  not  so  universal  as  he  imagines,  and 
to  avoid  the  errors  to  which,  from  its  indiscriminate  employment, 
mself  and  his  pupils  might  otherwise  be  exposed. 

part  of  the  law  which  applies  to  the  combined  W9ter  is  like- 
lore  than  doubtful.  When  the  base  contains  2  equivalents  ot* 
i  and  an  uneven  number  of  equivalents  of  water  is  present,  rt 
be  correct.  When  the  base  contains  3  equivalents  of  oxygen, 
r  would  not  apply  whenever  there  chanced  to  be  2,  4,  8,  or  10 
ents  of  water.  When  the  base  has  only  one  equivalent  of  oxy- 
len  it  must  hold  for  obvious  reasons.  If  the  base  has  an  equi- 
and  a  halt  of  oxygen,  the  law  can  only  be  true  when  3,  6,  9,  or 
ivalents  of  water  are  in  combination  ;  with  1, 2,  4,  5, 7,8,  or  10, 

fail. 

ttempt  has  been  made  within  these  few  years  to  determine  the 

constitution  of  minerals,  an  inquiry  in  which  Berzelius  has 

distinguished  himself.    The  composition  of  minerals  must  of 
be  influenced  by  the  usual  laws  of  combination,  though  there 
letimes  obstacles  in  the  way  of  discovering  it.    in  \V\e  eotu- 
I  made  artiticially,  chemists  possess  the  power  oC  V\«iv\\\^  e^cVv 
teat  perfectly  pure ;  but,  ud  fortunately  ^  we  cannol  ?(Vw^^«  couv- 
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nand  the  Mine  condition  with  respect  to  netiinl  piodaetioni.  TW 
materials  of  which  a  mineral  is  composed,  once  fonned  part  sf 
some  heterogeneous  fluid  or  semi-fluid  mass,  and  in  assamiDgtne  loBd 
form  are  very  likely  to  have  enclosed  within  them  some  sabstaies 
which  is  not,  chemically  considered,  an  essential  insredient  of  tilt 
mineral.  The  result  of  chemical  analysis,  accordin^y,  does  not  al- 
ways give  us  a  view  of  the  actual  constitution  of  a  mineral  spedei; 
some  substances  are  often  detected  which  are  foreign  to  it,  and  ths 
chemist  must  exercise  his  -judgment  in  determining  what  is  and  frint 
is  not  essential.  Now  nothing  is  so  well  calculated  to  direct  him  ai 
a  knowledge  of  the  laws  of  combination ;  but  as  a  great  discretion 
ary  power  is  in  his  hands,  it  is  important  that  his  mode  of  ImMlP 
gation  should  be  the  simplest  possible,  and  that  his  mlee  ehonU  bi 
founded  on  well-established  principles,  which  involve  nothing  Inll' 
thetical.  It  is  but  very  lately  that  due  care  has  been  hest^niii 
selecting  sufficiently  pure  specimens  for  examination,  or  In  peifiwli| 
the  analyses  themselves  with  the  precision  necessary  for  detemlntK 
the  chemical  constitution  of  minerals.  It  were  much  to  be  wJAwi 
that  the  first  essays  in  this  difficult  field  should  be  confined  as  moehai 
possible  to  such  minerals  as  contain  but  few  substances^  and  wUdi 
occur  in  distinct  transparent  crystals. 

We  are  indebted  to  Berzelius  for  this  mode  of  studying  the  eoapi' 
sition  of  minerals ;  and  certainly  if  skill  in  analytical  investigatloBCSiU 
encourage  any  one  to  make  the  attempt,  none  could  undert^itviA 
greater  chance  of  success  than  the  indefatigable  Professor  of  Stocks 
holm.  Unfortunately  his  theoretical  views  are  unnecessarily  comnliif 
and  I  much  doubt,  for  reasons  already  stated,  if  his  ruling  law  aboit 
multiples  of  oxygen  deserves  the  confidence  he  bestows  upon  it  >lt 
will  not,  I  atfi  convinced,  be  adopted  by  the  chemists  and  minmls- 
gists  of  this  country,  and  I  am  much  mistaken  if,  notwithstanding  the 
great  reputation  of  its  author,  it  stand  its  ground  long  upon  the  conti- 
nent. To  give  a  particular  description  ofhis  method  is  foreign  to  my 
purpose,  but  the  reader  will  find  an  able«accountof  it  in  the  9th  vol.  of 
the  Anuals  of  Philosophy,  N.  S.  by  Mr  Children. 


SECTION  III. 

OXYOEJV, 

Oxygen  gas  was  discovered  by  Priestley  in  1774,  and  by  Scbeele  i 
year  or  two  after,  without  previous  knowledge  of  Priestley's  discovery. 
Several  appellations  have  been  given  to  it.  Priestley  named  it  Dephw^ 
gistieated  air  ;  it  was  called  Empyreal  air  by  Scheele,  and  VUalaif 
by  Condorcet.  The  name  it  now  bears,  derived  from  the  Greek  words 
o|vc  acid  and  ^tvva'af  I  generate,  was  proposed  by  Lavoisier,  from  the 
supposition  that  it  is  the  sole  cause  of  acidity. 

Oxygen  gas  may  be  obtained  from  several  sources.    The  peroiides 

of  mangane$>e,  lead,  and  mercury,  nitre,  and  the  chlorate  of  potasn,all 

yield  it  in  large  quantity  when  they  are  exposed  to  a  red  boat    The 

substances  commonly  employed  for  the  purpose  are  the  peroiide  of 

manganese  and  the  chlorate  of  potassa.    It  may  be  procured  from  the 

former  in  two  ways ;  eilher  by  he^ilm^  \t  to  redness  in  a  grun-^neli  or 

in  a  retort  of  iron  or  eanhen-waTe  \  ot  b^  v^Wvii^MVokV^  %  6aik  wUh 

half  its  fveight  of  concentrated  Bu\vViunc^c\^,«LTv^Yv«a?tek%^QMtdaftmi 
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of  a  lamp.    To  understand  the  theory  of  these  proeetses,  it 
to  be  aware  that  there  are  three  distinct  oxides  of  manga- 
!«  whl^  are  thus  constituted : 

Manganese.  Oxygen. 

Protoxide        •        28,  or  one  prop.  +  8  .         S386 

Deutoxide       .        28          .            +12  .        =40 

Peroxide          .        28                      +16  =44 

Q  applying  a  red  heat  to  the  last,  it  parts  with  half  a  proportion  of 
{en»  and  is  converted  into  the  deutoxide.  Every  44  grains  of  the 
side  will  therefore  lose,  if  quite  pure,  4  grains  of  oxygen,  ornearly 
ubie  inches ;  and  one  ounce  will  yield  about  128  cubic  inches  of 
The  action  of  sulphuric  acid  is  different.  The  peroxide  loses  a 
le  propordon  of  oxygen,  and  is  converted  into  the  protoxide,  which 
BS  with  the  acid,  forming  a  sulphate  of  the  protoxide  of  manganese. 
ty  44  grains  of  the  peroxide  must  consequently  yield  8  grains  of 
gen  and  86  of  the  protoxide,  which,  by  uniting  with  one  proper- 

(40)  of  the  add,  forms  76  of  the  sulphate.  The  first  of  these 
■esses  is  the  most  convenient  in  practice. 

he  eas  obtained  from  the  peroxide  of  manganese,  though  hardly 
:  quite  pure,  owing  to  the  presence  of  iron,  carbonate  of  lime,  and 
ir  earthy  substances,  is  sufficiently  good  for  ordinary  purposes.  It 
ds  a  gas  of  better  quality,  if  previously  freed  firoin  the  carbonate  of 
I  by  dilute  muriatic  or  nitric  acid ;  but  when  oxygen  of  great  purity 
quired,  it  Is  better  to  obtain  it  from  the  clUorate  of  potassa.  For 
purpose,  tfie  salt  should  be  put  into  a  retort  of  green  glass,  or  of 
te  glass  made  without  lead,  and  be  heated  nearly  to  redness.    It 

becomes  liquid,  though  quite  free  from  water,  and  then,  on  in- 
ise  of  heat,  is  wholly  resolved  into  pure  oxygen  gas,  which  escapes 
1  effervescence,  and  into  a  white  compound,  caUed  the  chloride  of 
issium,  which  is  left  in  the  retort.  The  theory  of  the  decomposi- 
I  is  as  follows.    The  chlorate  of  potassa  is  composed  of 

Chloric  acid  76,  or  one  proportion: 
Potassa         48,  or  one  proportion. 
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>ric  acid  consists  of 


Chlorine  86,  or  one  proportion. 
Oxygen  40,  or  five  proportions. 


potassa  of 


Potassium  40,  or  one  proportion. 
Oxygen       8,  or  one  proportion. 

48 

le  chlorine  and  potassium  are  both  deprived  of  their  oxygen,  and 
unite  together.    So  that  124  grains  of  the  salt  are  resolved  into 
rains  of  the  chloride  of  potassium,  and  48  grains,  or  141  cubic 
00,  of  pure  oxysen. 

tygen  gas  is  colourless,  has  neither  taste  nor  smell,  U  not  cViemv 
'  Jheted  by  the  imponderables,  refracts  light  very  feeU^,  %li^  Va  ^ 
eoadactorofeJeetridtf.    It  la  the  most  perfect  ne^^^e  t\ecU\c 
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that  we  posfeM,  always  appearing  at  the  poiitiTe  pole,  when  toy  ( 
pouDd  which  contains  it  is  exposed  to  ttie  action  of  gilvmnlfin.   It 
emits  light,  as  well  as  heat,  when  suddenly  and  forcibly  compraned. 

Oxygen  is  heavier  than  atmospheric  air.  Chemists  nave  difiand  as 
to  its  precise  weight ;  but  the  late  experiments  of  Dr  Thomion»  (Flnt 
Principles  of  Chemistry,)  leave  little  doubt  of  the  aceortcy  of  Dr 
Prout's  estimate  as  stated  in  the  6th  volume,  O.  S.,  of  the  Anmli  of 
Philosophy.  According  to  that  chemist,  100  cubic  inches  of  oiygi^ 
when  the  thermometer  is  at  60^  F,  and  the  barometer  stands  at  N 
inches,  weigh  83.888  grains,  and  its  specific  gravity  must  he  1.1111. 

Oxygen  gas  is  very  sparingly  absorbed  by  water,  100  cuUe  inehii 
of  that  liquid  dissolving  only  three  or  four  of  the  gas.  It  hasnaite 
acid  nor  alicaline  properties,  for  it  does  not  redden  or  turn  grasB  tJH 
blue  vegetable  colours,  nor  does  it  evince  a  disposition  to  anile  A- 
rectly  either  with  acids  or  alkalies.  It  has  a  very  powerfhl  attncfloa 
for  roost  of  the  simple  bodies ;  and  there  is  not  one  of  them  wtthwUdi 
it  may  not  be  made  to  combine.  Tlie  act  of  combining  with  osfgH 
is  called  oxidatiorty  and  the  bodies,  after  having  uAited  with  il,  in 
said  to  be  oxidized.  The  compounds  so  formed  are  divided  by  risni 
ists  into  acids  and  oxides.  The  first  division  includes  those  conpooidi 
which  possess  the  general  properties  of  acids ;  and  the  second  eoam^ 
bends  those  which  not  only  want  that  character,  but  many  of  wiA 
are  highly  alkaline,  and  yield  salts  by  uniting  with  acids.  The  Bhsno 
mena  of  oxidation  are  variable.  It  is  sometimes  produced  witn  gml 
rapidity,  and  with  evolution  of  heat  and  li^ht.  Ordinary  combortfmi 
for  instance,  is  nothing  more  than  rapid  oxidation ;  end  allinflaimnabls 
or  combustible  substances  derived  their  power  of  burning  in  the  OM 
air  from  their  affinity  for  oxygen.  On  other  occasions  it  takes  pkee 
slowly,  and  without  any  appearance  either  of  heat  or  lig^t,  as  is  ex- 
emplified by  the  rusting  of  iron  when  exposed  to  a  moist  atmospiieiBt 
Different  as  these  processes  may  appear,  oxidation  is  the  residt  of 
both ;  and  both  are  owing  to  the  same  circumstance,  namely,  to  tha 
presence  of  oxygen  in  the  atmosphere. 

Ail  substances  that  are  capable  of  burning  in  the  open  air,  bum  widi 
far  greater  brilliancy  in  oxygen  gas.  A  piece  of  wood  on  which  tbe 
least  spark  of  light  is  visible,  bursts  into  flame  the  moment  it  is  pat  in- 
to a  jar  of  oxygen ;  lighted  charcoal  emits  beautiful  scintillations ;  and 
phosphorus  burns  with  so  powerful  and  dazzling  a  light  that  the  eyo 
cannot  bear  its  impression.  Even  iron  and  steel,  which  are  not  com- 
monly ranked  among  the  inflammables,  undergo  a  rapid  combustioo  in 
oxygen  gas. 

The  changes  that  accompany  these  phenomena  are  no  less  reaitika- 
ble  than  the  phenomena  themselves.  When  a  lighted  taper  ii  pat  in- 
to a  vessel  of  oxygen  gas,  it  burns  for  a  while  with  increased  nlao- 
dour ;  but  the  size  of  the  flame  soon  begins  to  diminish,  and  It  IIm 
mouth  of  the  jar  be  properly  secured  by  a  cork,  the  light  wUl  fai  t 
shoit  time  disappear  entirely.  The  gas  has  now  lost  its  charactaiiitie' 
property ;  for  a  second  lighted  taper,  immersed  in  it,  is  instantly  sitia-  [ 
guished.  This  result  is  general.  The  burning  of  one  body  in  a  givoa 
poition  of  oxygen  unfits  it  more  or  less  completely  for  supporting  the 
combustion  of  another ;  and  the  reason  is  manifest.  Comlmelion  ii 
produced  by  the  combination  of  inflammable  matter  with  oxygen  |ii> 
The  quantity  of  free  oxygen,  therefore,  diminishes  during  tbencoeesi, 
and  is  at  length  nearly  or  quite  exhausted.  The  burning  of  dl  bodleei 
however  inflammable,  must  then  cease,  because  the  presence  of  en* 
gen  is  necessary  to  its  continuance.  ¥ot  iSbkVa  t«%aua niYOa piu  f 
CMHed  a  supporter  of  combu8tU>n.    T\ie  Qx^%«a  Ql&«GL^M«k^  ynsa  V 
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kNMtfoo,  or  any  other  chemical  action  is  followed  by  eoofideiable  con- 
densation, in  consequence  of  which  the  new  body  contains  less 
insensiblo  caloric  than  its  elements  did  before  combination,  it  is 
obvioas  that  heat  will,  in  that  case,  be  disengaged.  But  if  this  is  the 
sole  ctnse  of  the  phenomenon,  it  follows  that  a  rise  of  temperature 
ooght  always  to  be  preceded  by  a  corresponding  diminution  of  capacity 
for  caloric,  and  that  the  extent  of  the  former  ought  to  be  in  a  constant 
ratio  with  the  degree  of  the  latter.  Now  Petit  and  Dulong  infer  fiom 
their  researches  on  this  subject,  ( Annales  de  Chim.  et  de  Phys.  toI  z.) 
that  the  degree  of  heat  developed  during  combination,  bears  no  rela- 
tion  to  the  specific  caloric  of  the  combining  substances;  and  that  in 
the  majority  of  cases,  the  evolution  of  heat  is  not  attended  by  any 
diminution  in  the  capacity  of  the  compound.  It  is  a  well  known  fact, 
that  increase  of  temperature  frequently  attends  chemical  action, 
though  the  products  contain  much  more  insensible  caloric  than  the  sub- 
stances  from  which  they  are  formed.  This  happens  remarkably  in  the 
explosion  of  gunpowder,  which  is  attended  by  intense  heat ;  and  yet 
its  materials,  in  passing  from  tbe  solid  to  the  gaseous  state,  expand  to 
at  least  260  times  their  volume,  and  consequently  render  latent  a  large 
quantity  of  caloric. 

These  circumstances  leave  no  doubt  that  the  evolution  of  caloric 
during  chemical  action  is  owing  to  some  cause  quite  unconnected 
with  that  assigned  by  Lavoisier;  and  if  this  cause  operates  so  power- 
fiilfy  in  some  cases,  it  is  fair  to  infer  that  part  of  the  effect  must  be 
owing  to  it  on  those  occasions,  when  the  phenomena  appear  to  depend 
on  change  of  capacity  alone.  A  new  theory  is  therefore  required  to 
account  for  the  chemical  production  of  heat.  But  it  is  easier  to  per- 
ceive the  fallacies  of  one  doctrine,  than  to  substitute  another  which 
shall  be  faultless ;  and  it  appears  to  me  that  chemists  must,  for  the 
present,  be  satisfied  with  the  simple  statement,  that  energetic  chemi- 
cal action  does  of  itself  give  rise  to  increase  of  temperature.  Berze- 
llus,  in  adopting  the  electro-chemical  theory,  regards  the  heat  of  com- 
bination as  an  electrical  phenomenon;  and  he  believes  it  to  arise  from 
the  oppositely  electrical  substances  neutralizing  one  another,  in  the 
same  manner  as  the  electric  equilibrium  is  restored  during  the  dis- 
charge of  a  Leyden  phial.  But  such  an  opinion  can  only  1^  held  by 
those  who  adopt  the  electro-chemical  theory  ;  and  even  admitting  the 
accuracy  of  this  doctrine,  the  reasoning  founded  on  it  by  Berzelius 
appears  to  me  inadmissible.  For,  according  to  the  theory,  the  two 
elements  of  a  compound  retain  their  peculiar  state  of  excitement. 
This  condition  is  essential  to  the  continuance  of  the  union,  and  there- 
fore the  act  of  combination  is  not  analogous  to  the  discharge  of  a 
Leyden  phial.  The  equilibrium  is  restored  in  one  case,  but  not  in 
the  other. 

The  caloric  emitted  during  combustion  varies  with  the  nature  of  the 
material.  The  effect  of  the  combustible  gases  in  raising  the  tempera- 
ture of  water,  according  to  the  experiments  of  Mr  Dalton,  is  shown 
in  the  following  table.     (Chemical  Philosophy,  IL  309.) 

Hydrogen,  in  burning,  raises  an  equal  volume  of  water       .        5°  F. 

Carbonic  oxide 4^ 

Light  carburetted  hydrogen IS 

Olefiantgas 27 

Coal  gas,  varies  with  the  quality  of  the  gas  from  10  to         .  16 

Oil  gas,  varies  also  with  the  quality  of  the  gas  from  12  to  .  20 

Mr  Dalton  further  states  that  generally  the  combustible  gases  give 
out  heat  nearly  in  proportioD  to  the  oxygen  which  lYie^  <^^^^>^^< 
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!■  Ika  tUi^-MTMA  volume  of  the  Ad.  de  Ch.  et  Ph.  pija  U 
M.  DMpiMa  hM  |I?M  t  boike  oriome  eiperimeDts  on  the  hMI  d 
nlopcd  !■  cwabBrtliw.  Tbe  gufasiBUcea  bumed  were  bydrsgn. 
GHbco,  phM^wruii  lad  wvera!  meiah,  sod  fo  much  of  each  wu 
aoi^^M,  H  lo  nqaii*  (he  anus  qiuotiiy  of  oxygon.  When  lb 
«amM»Oomvttlliiof^  gu  ptoduccd  2G76  degceei  of  heal,  cubM 
lti*e  out  tM7>  ud  inm  SS2G.  Phoephorus,  ziac,  and  tin.  enit 
qBtntUiM  of  euMle  wy  neatly  the  i»nie  m  iron.  Hence  it  fallom 
ual,  Ibi  aqori  r|ninllrtM  of  oxygen,  hydiogen  in  liutuiag  evolvea  Im 
bwt  than  matt  othet  Mbslinces.  Theie  leaulla  do  not  acconl  wllh 
thoMofUdWlaa. 
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HVDEOGEJV. 

nUi  gu  tni  formeily  letmed  in^atnmoft/e  sir  from  ll*  e  .  ,.. 
UHly, Md fWtfblM*  fiam  Ibe  ■uppoiiiion  ihit  il  wm  Ihe  milUTAf 
hintibotUMMiH  Ayircij«n,  detivcd  fiomCtaf  water,  ha*  miirU' 
eoKe  genenl,  lb  mlwe  and  lendiug  ptopertlea  were  Grit  poiniri 
ovtlntbayMrJ766lnrMr  Civendlsli.    (Philoi.  Ttan9.LVl.lU) 

HrdiegM  (H  taM7  be  «ully  procured  In  (wo  way*.  The  Gnt  a 
tit((  Id  paHlDg  (ba  *lp«U[  or  water  over  meUIIic  itOD  healed  M  n 
nan.  This  I*  done  by  pulting  iron  wire  inlo  a  guD-barrel  opeo  lE  hi 
ends,  to  oae  ofifhlch  ia  aiiacTied  »  retort  conlafning  pure  iralari  a 
10  the  other  a  baot  tabe.  Ttie  eun.barrel  la  placed  in  a  furnaet,  t 
when  it  has  acqulced  *  full  red  heal,  Iha  waiet  in  the  celort  is  mtit  _ 
boll  briskly,  The  gaa,  wtiich  ii  coplouily  diacQgagod  as  soon  as  Ibf 
aCeam  comes  In  cootacl  trlth  ihc  glowing  icon,  pissee  aloog  the  beot 
tube,  and  may  be  collected  in  convenienl  veiselK,  by  dlppinr  Ihe  Iks 
eilTemlly  of  the  tube  tolo  the  water  of  a  pneuioatio  trough*,  liit 
second  sod  most  convenient  method  consists  in  putting;  pieces  ofitos 
or  zinc  into  dilute  sulphurir  acid,  forioed  of  one  pad  uC  strong  Mid  U 
four  or  five  of  waler.  Zinc  t»  generally  preferred.  Tbe  hydrogen  otb 
laiiied  in  these  processes  is  not  ahaolulely  pure.  The  gas  evoind 
during  the  solution  of  iron  has  an  olTeniive  odour,  a^crlhed  by  Berte- 
lius  10  the  presence  of  a  volatile  oil,  which  may  bo  nlmoal  enlhely 
removed  by  Iransmittiog  Ihe  gas  Ihroueh  alcohol.  The  oil  appears  ID 
aiise  from  some  compound  beini;  formed  between  hydrogen  and  tbs 
carbon  which  is  always  containi^d  even  in  Ihe  piiteal  hinds  of  evo- 
nion  iron  \  and  it  ia  probable  thai  i  Utile  carburetled  hydrogen  gH  ll 
generated  at  the  same  lime.  The  zinc  of  commerce  conuioa  sulphir, 
and  almost  always  (races  of  cliareoal,  in  consequence  of  wfaitb  H  tl 
contaminated  with  sulphurelled  hydrogen,  and  probably  with  ttMalM 
impurities,  Ihough  in  a  lets  dep-ee,  as  are  derived  from  Iron.  A  Rid* 
metallic  zinc  it  a l«o  contained  in  it, apparently  in  coinbinaflon  widlhlb 
drogen.  All  these  impuTiliea,  carburetled  hydrogen  excepteil,  loay  M 
removed  by  passing  the  hydrogen  through  ■  aolullon  of  pum  patMM, 
To  obtain  hydrogen  of  great  purity,  disUlled  line  ahould  be  «aifitfL 
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Hydrogen  is  a  colourless  gas,  and  has  neither  odoor  nor  taste  when 
peifecthr  pure.  It  is  a  powerful  refractor  of  lidtt.  Like  oxygen,  it 
cannot  be  resolved  into  more  simple  parts,  and  hke  that  gas,  has  hith- 
erto resisted  all  attempts  to  compress  it  into  a  liquid.  It  is  the  lightest 
body  in  nature,  and  is  consequently  the  best  material  for  filling  bal- 
loons. From  its  extreme  lightness  it  is  difficult  to  ascertain  its  pre- 
cise density  by  weighing,  because  the  presence  of  minute  quantities  of 
common  air  or  watery  vapour  occasions  considerable  error.  From  the 
composition  of  water,  hydrogen  gas  is  inferred  to  be  sixteen  times 
lighter  than  oxygen ;  and  the  weight  of  100  cubic  inches  at  60°  and 

S3  8S8 
thirty  inches  of  the  barometer,  should  therefore  be  ,  or  2.118 

16 
grains.     Its  specific  gravity  is  consequently  0.0604,  as  stated  some 
years  ago  by  Dr  Prout. 

Hydrogen  does  not  change  the  blue  colour  of  vegetables.  It  is 
sparingly  absorbed  Inr  water,  100  cubic  inches  of  that  liquid  dissolving 
about  one  and  a  half  of  the  gas.  It  cannot  support  respiration ;  for  an 
animal  soon  perishes  when  confined,  in  it.  Death  ensues  from  depriva- 
tion of  oxygen  rather  than  from  any  noxious  quality  of  the  hydrogen ; 
siiiee  an  atmosphere  composed  of  a  due  proportion  of  oxygen  and  hy- 
drogen gases  may  be  respired  without  inconvenience.  Nor  is  it  a 
lapporter  of  combustion ;  for  when  a  lighted  candle  fixed  on  wire  is 
passed  up  into  an  inverted  jar  full  of  hydrogen,  the  light  disappears  on 
the  Instant. 

Hydrogen  gas  is  inflammable  in  an  eminent  degree,  though,  like 
other  combostibles,  it  requires  the  aid  of  a  supporter  for  enabOng  its 
combustion  to  take  place.  Hiis  is  exemplified  by  the  experiment 
above  alluded  to,  in  which  the  gas  is  kindled  by  the  flame  of  the  can- 
dle, but  bums  only  where  it  is  in  contact  with  the  air.  Its  combus- 
tion, when  conducted  in  this  manner,  goes  on  tranquilly,  and  is  attend- 
ed with  a  yeltowish-blue  flame  and  a  very  feeble  light.  The  pheno- 
mena ire  diflerent  when  the  hydrogen  is  previously  mixed  with  a  due 
quantity  of  atmospheric  air.  The  approach  of  flame  not  only  sets  fire 
to  the  gas  near  it,  but  the  whole  is  kindled  at  the  same  mstant ;  a  flash 
of  licht  passes  through  the  mixture,  followed  by  a  violent  explosion. 
The l>est  proportion  for  the  experiment  is  two  measures  of  hydrogen, 
to  five  or  six  of  air.  The  explosion  is  far  more  violent  when  pure  oxy- 
gen is  used  instead  of  atmospheric  air,  particularly  when  the  gases 
are  mixed  together  in  the  ratio  of  one  measure  of  oxygen  to  two  of 
hydrogen. 

Oxygen  and  hydrogen  gases  cannot  combine  at  ordinary  tempera- 
tures, and  may,  therefore,  be  kept  in  a  state  of  mixture  without  even 
gradual  combination  taking  place  between  them.  Hydrogen  may  be 
set  on  fire,  when  in  contact  with  air  or  oxygen  gas,  by  flame,  by  a 
solid  body  heated  to  bright  redness,  and  by  the  electric  spark.  If  a 
jet  of  hydrogen  be  thrown  upon  recently  prepared  spongy  platinum, 
this  metal  almost  instantly  becomes  red-hot,  and  then  sets  nre  to  the 
gas,  a  discovery  which  was  made  in  the  year  1824  by  Professor  Doe- 
bereiner  of  Jena.  The  power  of  flame  and  electricity  in  causing  a  mix- 
ture of  hydrogen  with  air  or  oxygen  gas  to  explode,  is  limited.  Mr 
Cavendish  found  that  flame  occasions  a  very  feeble  explosion  when 
the  hydrogen  is  mixed  with  nine  times  its  bulk  of  air ;  and  that  a  mix- 
tare  of  four  measures  of  hydrogen  to  one  of  air  does  not  explode  at  all. 
An  explosive  mixture  formed  of  two  measures  of  hydrogen  to  one  of 
oxygen,  explodes  from  all  the  causes  above  enumetated.  ¥L.^\Q\. 
fiMmd  that  Buddea  aod  violent  compression  likewiM  cauaea  am  «i.\\n- 
fiaa,  appareotly  £rom  the  beat  emitted  during  Che  opex«.\\Qli\l(>t  ^^ 
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equal  degne  of  condeDsation,  slowly  prodaced,  has  not  the  same  ef« 
feet.  The  electric  spark  ceases  to  cause  detonation  when  the  explo- 
sive mixture  is  diluted  with  twelve  times  its  volume  of  air,  fourteen  of 
oxygen,  or  nine  of  hydrogen,  or  when  it  is  expanded  to  aiiteen  timef 
its  bulk  by  dimiubhed  pressure.  I  find  that  spongy  platinum  acts  just  li 
rapidly  as  flame  or  the  electric  spark  in  producing  explosion,  provklsd 
the  gases  are  quite  pure  and  mixed  in  the  exact  ratio  of  two  to  one*. 

When  the  action  of  heat,  the  electric  spark,  and  spongy  platiaan 
no  longer  cause  an  explosion,  a  silent  and  gradual  combinalioa  be- 
tween the  gases  may  still  be  occasioned  by  them.  Sir  H.  Davy  ob- 
served that  oxygen  and  hydrogen  gases  unite  slowly  with  one  another, 
when  they  are  exposed  to  a  temperature  above  the  boiling  point  of 
mercury,  and  below  that  at  which  glass  begins  to  appear  luminous  in 
the  dark.  An  explosive  mixture  diluted  with  air  to  too  great  a  degne 
to  explode  by  electricity,  is  made  to  unite  silently  by  a  auceeaiioB 
of  electric  sparks.  Spongy  platinum  causes  them  to  unite  riowiy, 
though  mixed  with  one  hundred  times  their  bulk  of  oxygen  gat. 

A  large  quantity  of  caloric  is  evolved  during  the  combustion  of  hy- 
drogen gas.  Lavoisier  concludes  from  experiments  made  with  hto 
calorimeter,  (Elements,  vol.  i.)  that  one  pound  of  hydrogen  occastow 
so  much  heat  in  burning  as  is  sufficient  to  melt  295.6  pounds  of  ies* 
Mr  Dalton  fixes  the  quantity  of  ice  at  820  pounds,  and  Dr  Crawfoidat 
480.  The  most  intense  heat  that  can  be  produced,  is  caused  by  ths 
combustion  of  hydrogen  in  oxygen  gas.  Dr  Hare  of  Philadelphia^wlH) 
first  burned  hydrogen  for  this  purpose,  collected  the  gases  in  separate 
gas-holders,  from  which  a  stream  was  made  to  issue  through  tubes 
communicating  with  one  another,  just  before  their  terminauon.  At 
this  point  the  jet  of  the  mixed  gases  was  inflamed.  The  effect  of  the 
combustion,  though  very  great,  is  materially  increased  by  forcing  the 
two  gases  in  due  proportion  into  a  strong  metallic  vessel  by  means  of 
a  condensing  syringe,  and  setting'fire  to  a  jet  of  the  mixture  as  it  iasoes. 
An  apparatus  of  this  kind,  now  known  by  the  name  of  the  oxy-hydio- 
gen  blowpipe,  was  contrived  by  Mr  Newman,  and  employed  by  tfie 
late  Professor  Clarke  in  his  experiments  on  the  fusion  oi  refiraetoiy 
substances.  On  opening  a  stopcock  which  confines  the  compiesNd 
gases,  a  jet  of  the  explosive  mixture  issues  with  force  through  a  smll 
blowpipe  tube,  at  the  extremity  of  which  it  is  kindled.  In  this  state, 
however,  the  apparatus  should  never  be  used  ;  for  as  the  reservoir  if 
itself  full  of  an  explosive  mixture,  there  is  great  danger  of  the  flame 
running  back  along  the  tube,  and  setting  fire  to  the  whole  gas  at  onee. 
To  prevent  the  occurrence  of  such  an  accident,  which  would  most 
probably  prove  fatal  to  the  operator.  Professor  Gumming  proposed  that 
the  gas,  as  it  issues  from  the  reservoir,  should  be  made  to  pass  through 
a  cylinder  full  of  oil  or  water,  before  reaching  the  point  at  which  it  is 
to  burn ;  and  Dr  Wollaston  suggested  the  additional  precaution  of  fix- 
inc  successive  layers  of  fine  wire  gauze  within  the  exit  tube,  each  of 
wnich  would  be  capable  of  intercepting  the  communication  of  flame. 
But  this  apparatus  is  rarely  necessary  in  chemical  researches.  A  very 
intense  heat,  quite  sufficient  for  most  purposes,  may  be  safely  and 

*  For  a  variety  effects  respecting  the  causes  which  prevent  the  ac- 
tion of  flame,  electricity,  and  platinum  in  producing  detonation,  the 
reader  may  consult  the  Essay  of  M.  Grotthus  in  the  Ann.  de  Chimie, 
vol,  IxxxiL  ;  Sir  H.  Davy's  work  on  flame  ;  Dr  Henry's  Essay  in /the 
Pbiloaopbical  Transactions  Cot  18^4;  mi^  ^  v^V^^  V|  UfiifMlC  in  Che 
Ediaburgb  Philosophical  Jownal  tot  \3kiA  aamt  ^«ax« 
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easily  pneand  by  passiDg  a  jet  of  oxygen  gas  through  the  flame  of  a 
spirit  isBip,  as  proposed  by  the  late  Dr  Marcet. 

Water  is  the  sole  product  of  the  combustion  of  hydrogen  gas.  For 
this  important  fact  we  are  indebted  to  Mr  Cavendish.  He  demonstrat- 
ed it  by  burning  oxygen  and  hydrogen  gases  in  a  dry  glass  vessel,  when 
a  qdaottty  of  pure  water  was  generated  exactly  equal  in  weight  to  that 
of  the  gases  which  had  disappeared.  This  experiment,  which  is  the 
syntbeuc  proof  of  the  composition  of  water,  was  ailerwarids  made  on 
a  much  larger  scale  in  Paris  by  Yauquelin,  Fourcroy,  and  Seguin. 
Lavoisier  first  demonstrated  its  nature  analytically,  by  passing  a  known 
quantity  &f  watery  vapour  over  metallic  iron  heated  to  redness  in  a  glasH 
tube.  Hydrogen  gas  was  diseosaged,  the  metal  in  the  tube  was  oxi- 
diied,  and  the  weight  of  the  former,  added  to  the  increase  which 
the  iron  had  experienced  from  combining  with  oxygen,  exactly  corres- 
ponded to  the  quantity  of  water  which  had  been  decomposed. 

It  will  soon  appear  tliat  a  knowledge  of  the  exact  proportions  in 
which  oxygen  and  hydrogen  gases  unite  to  form  water,  is  a  necessary 
element  in  many  chemical  reasonings.  Its  composition  by  volume 
was  demonstrated  very  satisfactorily  by  Messrs  Nicholson  and  Carlisle, 
in  their  researches  on  the  chemical  agency  of  galvanism.  On  resolv- 
ing water  into  its  elements  by  this  agent,  and  collecting  them  in 
separate  vessels,  they  obtained  precisely  two  measures  of  hydrogen 
tp  one  of  oxygen, — a  result  which  has  been  fully  confirmed  by  su^e- 
quent  experimenters.  The  same  fact  was  proved  synthetically  by 
Gay-Luisac  and  Humboldt,  in  their  Essay  on  Eudiometry,  published 
in  the  Journal  de  Physique  for  1805.  They  found  that  when  a 
Dizture  of  oxygen  and  hydrogen  is  inflamed  by  the  electric  spark, 
those  gases  always  unite  in  the  exact  ratio  of  one  to  two,  whatever 
may  be  their  relative  quantity  in  the  mixture.  When  one  measure  of 
oxygen  is  mixed  with  three  of  hydrogen,  one  measure  of  hydrogen  is 
the  residue  after  the  explosion ;  and  a  mixture  of  two  measures  of 
oxygen  and  two  of  hydrogen  leaves  one  measure  of  oxygen.  When 
one  volume  of  oxygen  is  mixed  with  two  of  hydrogen,  both  gases,  if 
quite  pure,  disappear  entirely  on  the  electric  spark  being  passed 
through  them.  The  composition  of  water  by  weight  was  determin- 
ed with  great  care  by  Berzelius  and  Dulong ;  and  we  cannot  hesitate, 
considering  the  known  dexterity  of  the  operators,  and  the  principle  ou 
which  their  method  of  analysis  was  founded,  to  regard  their  result  as 
a  nearer  approximation  to  the  truth  than  that  of  any  of  their  prede- 
cessors. They  state  as  a  mean  of  three  careful  experiments,  (Ann. 
de  Ch.  et  de  Ph.  vol.  xv.)  that  100  parts  of  pure  water  consist  of  88.9 
of  oxygen  and  li.i  of  hydrogen.    Now, 

11.1  :  88.9  :  :  1  :  8.009 

which  is  so  near  the  proportion  of  1  to  8  as  to  justify  the  adoption  of 
that  ratio.  Hence,  the  constitution  of  water  by  weight  and  measure, 
may  be  thus  stated  : 

By  Weight,       By  Volume, 
Oxygen      .        8        .        .        1 
Hydrogen   .        1        .        .        2 

These  are  the  data  from  which  it  was  inferred  that  oxygen  gas  is  just 
16  times  heavier  than  hydrogen.     The  atomic  weights  of  oxygen  and 
hydrogen  aro  deduced  from  the  same  analysis.    As  no  compound  of 
these  substances  is  known  which  has  a  less  proportion  of  oii>f %eii  VYv^w 
water,  it  is  Buppoaed  to  coDtain  one  atom  of  each  of  \\a  C0Tk%V\\vi«i\V^> 
Tbi0  view  of  the  atomic  constitution  of  water  appears  lobe  ^wsW^^^^"^ 
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the  itroDK  affinity  wbich  its  elementi  erinee  for  one  another,  ai  well 
as  from  the  proportions  with  which  thev  respectively  combine  witli 
other  bodies.  Consequently,  regarding  tne  atom  of  hydrogen  as  unity, 
8  will  be  the  relative  weight  of  an  atom  of  oxygen. 

The  processes  for  procuring  a  supply  of  hydrogen  gas  will  now  be 
intelligible.  The  first  is  the  method  by  which  Xavoisier  made  the 
analysis  of  water.  It  is  founded  on  the  fact  that  iron  at  a  red  beat  de« 
composes  water,  the  oxygen  of  that  liquid  uniting  with  the  metal,  and 
the  hydrogen  gas  being  set  free.  That  the  hydrogen  which  is  evohr- 
ed  when  the  zinc  or  iron  is  put  into  dilute  sulpnaric  acid  mint  be 
derived  from  the  same  source,  is  obvious  from  the  consideration  tkit 
of  the  three  substances,  iron,  sulphuric  acid,  and  water,  the  last  is  the 
only  one  wbich  contains  hydrogen.  The  product  of  the  operation, 
besides  hydrogen,  is  the  sulphate  of  the  protoxide  of  iron,  if  Iron  ii 
used,  or  of  the  oxide  of  zinc,  when  zinc  is  employed.  The  know- 
ledge of  the  combining  proportions  of  these  sutMtances  will  readily 
give  the  exact  quantity  of  each  product.    These  numbers  are, 

Water  (8  oxy.  +1  hyd.)      ...  9 

Sulphuric  acid  ....        40 

Iron  .  ....        28 

Ptotoxide  of  iron  (28  iron  +8  oxygen)        86 
Sulphate  of  the  protoxide  of  iron  (40-^86)  76 

Hence  for  every  9  grains  of  water  which  are  decomposed,  1  grain  of 
hydrogen  will  be  set  free ;  8  grainn  of  oxygen  will  unite  with  28  graiai 
of  iron,  forming  36  of  the  protoxide  of  iron ;  and  the  36  grains  of  tbe 
protoxide  will  combine  with  40  grains  of  sulphuric  acid,  yiel^ng  76  of 
the  sulphate  of  the  protoxide  of  iron.  A  similar  calculation 'may  be 
employed  when  zinc  is  used,  merely  by  substituting  the  atomic  weight 
of  zinc  (34)  for  that  of  iron. — According  to  Mr  Cavendish,  an  oonce 
of  zinc  yields  676  cubic  inches,  and  an  equal  quantity  of  iron  782 
cubic  inches  of  hydrogen  gas. 

The  action  of  diluted  sulphuric  acid  on  metallic  zinc  aflbrds  an  in- 
stance of  what  was  once  called  Dittposing  Affinity,  Zinc  cannot 
decompose  water  at  common  temperatures ;  but  as  soon  as  sulphorie 
acid  is  added,  the  decomposition  of  the  water  takes  place  rapidly, 
though  tbe  acid  merely  unites  with  the  oxide  of  zinc.  The  former 
explanation  was,  that  the  affinity  of  the  acid  for  the  oxide  of  zinc  dis- 
posed the  metal  to  unite  with  the  oxygen,  and  thus  enabled  it  to  de- 
compose water ;  that  is,  the  oxide  of  zinc  was  supposed  to  produce  an 
effect  previous  to  its  existence.  The  obscurity  of  this  explanation 
arises  from  regarding  changes  as  consecutive,  which  are  in  reality 
simultaneous.  There  is  no  appearance  of  succession  in  the  process; 
the  oxide  of  zinc  is  not  formed  previously  to  its  combination  with  the 
acid,  but  at  the  same  instant.  There  is,  as  it  were,  only  one  chemical 
change,  which  consists  in  the  combination,  at  one  and  the  same  mo- 
ment, of  the  zinc  with  the  oxygen,  and  the  oxide  of  zinc  with  the  add; 
and  this  change  occurs  because  these  two  affinities,  acting  together, 
overcome  the  attraction  of  oxygen  and  hydrogen  for  one  another. 

Water  is  a  transparent  colourless  liquid,  which  has  neither  smell  nor 

taste.    It  is  a  powerful  refractor  of  light,  conducts  heat  very  slowly, 

and  is  an  imperfect  conductor  of  electricity.    It  is  compressible  by  very 

strong  pressure.    The  fact  was  long  disputed ;  but  Mr  Perkins  finds 

that  the  pressure  of  2000  atmospheres  occasions  a  diminution  of  1-lSth 

of  its  bulk.    According  to  Ibe  expenmecvXs  oC  Professor  Oersted,  this 

estimate  is  far  too  great     (,EvYm.  3ouTnA  ol  ^cXccktc^^^i.iav.^^lflM 

Tbe  relations  of  water,  with  teav^cl  vo  caXoxv^,  ^\«\i\^<<S  VcN^«as^% 
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but  htvie  already  been  discussed  in  the  first  part  of  the  worlc.  The 
specific  gravity  of  water  is  1,  the  density  of  all  solid  and  liquid  bodies 
being  reierred  to  it  as  a  term  of  comparison.  One  cubic  inch  at  60^^ 
P.  and  80  Bar.,  weighs  262.526  grains,  so  that  it  is  828  times  heaTiei 
than  atmospheric  air. 

Water  is  one  of  the  most  powerful  chemical  agents  which  we  pos- 
MM.  Its  agency  is  owing  partly  to  the  extensive  range  of  its  own 
ifllnit^^,  and  partly  to  the  nature  of  its  elements.  The  effect  of  the 
last  cireamstance  has  already  appeared  in  the  process  for  procuring 
hydrogen  gas ;  and  indeed  there  are  few  complex  chemical  change;* 
irhich  do  not  give  rise  either  to  the  production  or  decomposition  of 
inter.  But,  independently  of  the  elements  of  which  it  is  composed, 
it  combines  directly  with  many  bodies.  Sometimes  it  is  contained  in 
I  Tariable  ratio,  as  in  ordinary  solution ;  in  other  compounds  it  is  pre- 
lect in  a  fixed  definite  proportion,  as  is  exemplified  by  its  union  with 
leveral  of  the  acids,  the  allcalles,  and  all  salts  that  contain  water  oi 
crystallization.  These  combinations  are  termed  hydrates  ;  thus,  con- 
centrated sulphuric  acid  is  a  compound  of  one  equivalent  of  the  real 
jry  acid  and  one  equivalent  of  water ;  and  its  proper  name  is  hydrous 
mlphurie  ctcid,  or  hydrate  ofnUphuric  acid.  The  adjunct  hydro  ha.-* 
been  sometimes  used  to  signify  the  presence  of  water  in  definite  pro- 
jortion ;  but  it  is  advisable,  to  prevent  mistakes,  to  limit  its  employ- 
ment to  the  compounds  of  hydrogen. 

The  ptirest  water  which  can  be  found  as  a  natural  product,  is  pro- 
cared  by  melting  freshly  fallen  snow,  or  by  receiving  rain  in  clean 
vessels  at  a  distance  from  houses.    But  this  water  is  not  absolutely 

Sure;  for  if  placed  under  the  exhausted  receiver  of  an  air-pump,  or 
oiled  briskly  for  a  few  minutes,  bubbles  of  gas  escape  from  it.  The 
air  obtained  in  this  way  from  snow  water,  is  much  richer  in  oxygen  gai> 
than  atmospheric  air.  According  to  the  experiments  of  Gay-Lussac 
and  Humboldt,  it  contains  S4.8  per  cent  of  oxygen,  and  the  air 
separated  by  ebullition  from  rain-water  contains  82  per  cent  of  that  gm. 
All  water  which  has  once  fallen  on  the  ground,  becomes  impregnated 
with  more  or  less  earthy  or  saline  matters,  and  it  can  be  separated 
from  them  only  by  distillation.  The  distilled  water,  thus  obtained, 
and  preserved  in  clean  well-stopped  bottles,  is  absolutely  pure.  Re- 
cently boiled  water  has  the  property  of  absorbing  a  portion  of  all 
gases,  when  its  surface  is  in  contact  with  them ;  and  the  absorption  is 
promoted  by  brisk  agitation.  The  following  table,  from  Dr  Henry's 
Chemistry,  shows  the  absorbability  of  different  gases  by  water,  de- 
prived of  all  its  air  by  ebullition. 

100  cubic  inches  of  such  water,  at  the  mean  temperature  and  pres- 
sure, absorb  of 

Sulphuretted  Hydrogen 
CarboDic  Acid 
Nitrous  Oxide 
Olefiant  Gas 
Oxygen 
Carbonic  Oxide 
Nitrogen 
Hydrogen 

The  estimate  of  Saussure  is  in  general  too  high.  That  of  Mr  Dai- 
ton  and  Dr  Henry  for  nitrous  oxide  is  considerably  beyond  the  truth. 
according  to  the  experiments  of  Sir  H.  Davy. 


Dalton  and  Henry. 

Saussure 

100  cubic  in. 

253 

100 

106 

100 

76 

12.5 

15.3 

3.7 

6.5 

1.56 

6.2 

1.66 

4.1 

1.56 

4.6 
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Deutoxide  of  Hydrogen. 

The  deutoxide,  or  peroxide  of  hydrocen,  was  discoTered  by  M .  Tbe- 
nard  in  the  year  1818.    Before  deacribiog  the  mode  of  preparing  tiUi 
compound,  it  must  be  observed  that  there  are  two  oxides  of  baiimi, 
and  that  when  the  peroxide  of  that  fnetal  is  pat  into  water  containiBg 
free  muriatic  acid,  oxyjpn  gas  is  set  at  liberty,  and  the  peroxide  is  eoo> 
verted  into  the  protoxide  of  barium  or  baryta,  which  combines  wkh 
the  acid.    When  this  process  is  conducted  with  the  necessaiy  precan- 
tions,  the  oxygen  which  is  set  free,  instead  of  escaping  in  the  form  sf 
gas,  unites  with  the  hydrogen  of  the  water,  and  brings  it  to  a  Mxt 
roum  of  oxidation.    For  a  lull  detail  of  all  the  minutie  of  the  pnctm, 
the  reader  may  consult  the  original  memoir  of  M.  Thenard* ;  the  gfr- 
neral  directions  are  the  following : — To  six  or  seven  ounces  of  water, 
add  so  much  pure  concentrated  muriatic  acid  as  is  su£Scient  to  dinolTC 
230  grains  of  baryta,  and  after  having  placed  the  mixed  fluids  in  a  gbv 
vessel  surrounded  with  ice,  add  in  successive  portions  185  gndof  sf 
the  deutoxide  of  barium  reduced  to  powder,  and  stir  with  a  giaas  nd 
after  each  addition.    When  the  solution,  which  takes  plaee  without 
effervescence,  is  complete,  sulphuric  acid  is  added  in  sufficient  qoantitj 
for  precipitating  the  whole  of  the  baryta  in  the  form  of  an  iniohible 
sulphate,  so  that  the  muriatic  acid  which  had  been  combined  with 
that  earth  is  completely  separated  from  it.    Another  portion  of  the 
deutoxide  of  barium,  amounting  to  185  grains,  is  then  put  Into  the 
liquid  ;  the  free  muriatic  acid  instantly  acts  upon  it,  and  is  soon  as  it 
is  dissolved,  the  baryta  is  again  converted  into  a  sulphate  by  theaddi* 
tion  of  sulphuric  acid.    The  solution  is  then  filtered  in  order  to  sepa- 
rate the  insoluble  sulphate  of  baryta,  and  fresh  quantities  of  the  perox* 
ide  of  barium  are  added  in  succession,  till  about  three  ounces  have 
been  employed.    The  liquid  then  contains  from  25  to  30  timet  its 
volume  of  oxygen  gas.    The  uiuriatic  acid  which  has  served  to  de* 
compose  the  peroxide  of  barium  during  the  whole  process,  is  now  r^ 
moved  by  the  cautious  addition  of  the  sulphate  of  silver,  and  the  mil* 
phuric  acid  afterwards  separated  by  solid  baryta. 

The  peroxide  of  hydrogen,  as  thus  prepared,  is  still  diluted  witbt 
considerable  quantity  of  water.  To  separate  the  latter,  the  mixed  li- 
quids are  placed  under  the  exhausted  receiver  of  an  air  pomp,  with  i 
vessel  of  strong  sulphuric  acid.  As  the  water  evaporates,  the  deoifty 
of  the  residue  increases,  till  at  last  it  acquires  the  specific  gravity  of 
1.452.  The  concentration  cannot  be  pushed  further;  for  if  kept  under 
the  receiver  after  reaching  this  point,  the  peroxide  itself  gradually  but 
slowly  volatilizes  without  change. 

The  peroxide  of  hydrogen  of  specific  gravity  1.452  is  a  coloorleii 
transparent  liquid  without  odour.  It  whitens  the  surface  of  theikiD 
when  applied  to  it,  causes  a  prickling:  sensation,  and  even  deatroyiits 
texture  if  the  application  is  long  continued.  It  acts  in  a  simikr  miO' 
ner  on  the  tongue,  in  addition  to  which  it  thickens  the  saliva,  tad 
tastes  like  certain  metallic  solutions.  Brought  into  contact  with  lit* 
mus  and  turmeric  paper,  it  gradually  destroys  their  colour  and  makes 
them  white.  It  is  slowly  volatilized  in  vacuo,  which,  shows  that  its 
vapour  is  much  less  elastic  than  that  of  water.  It  preserves  iU 
liquid  form  at  all  degrees  of  cold  to  which  it  has  hitherto  been  expoe- 
ed.    At  the  temperature  of  59°  F.  it  is  decomposed,  being  eoDvertedfai- 

*  in  (he  An.  de  Chim.  et  de  PV^^a.  \o\. V)\\.\ii,  %xid  r. ;  Annals  of  Phi- 
Josopby  vol.  xiii.  and  xW.  *,  and  M..  TY\«TAxd?«*Yta^\i  ^^^V&sAit. 
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r  and  oxygen  gas.    For  this  reason  it  ought  to  be  preserved  in 
bes  surrounded  with  ice. 

lost  remarlcable  property  of  the  peroxide  of  hydrogen  is  the 
¥ith  which  it  is  decomposed.  The  diffused  daylight  does  not 
exert  any  influence  over  it,  and  even  the  direct  solar  rays  act 
tardily.  It  effervesces  from  the  escape  of  oxygen  at  59°  F. 
sudden  application  of  a  higher  temperature,  as  of  212°  F. 
e  to  such  rapid  evolution  of  gas  as  to  cause  an  explosion, 
ipparently  by  combining  with  the  peroxide,  renders  it  more 
tot ;  but  no  degree  of  dilution  can  enable  it  to  bear  the  heat  of 
ivater,  at  which  temperature  it  is  decomposed  entirely.  All 
lis  except  iron,  tin,  antimony  and  tellurium,  have  a  tendency 
npose  the  peroxide  of  hydrogen,  converting  it  into  oxygen  and 
A  state  of  minute  mechanical  division  is  essential  for  produc- 
I  decomposition.  If  the  metal  is  in  mass,  and  the  peroxide 
with  water,  the  action  is  slow.  The  metals  which  have  a 
ffinity  for  oxygen  are  oxidized  at  the  same  time,  such  as  po- 
,  sodium,  arsenic,  molybdenum,  manganese,  zinc,  tungsten, 
imium  ;  while  others,  such  as  gold,  sUver,  platinum,  iridium, 
,  rhodium,  palladium,  and  mercury,  retain  the  metallic  state. 
»eroxide  of  hydrogen  is  decomposed  at  common  temperatures 
r  of  the  metallic  oxides.  That  some  of  the  protoxides  should 
8  efifect,  would  be  anticipated  in  consequence  of  their  tenden- 
88  into  a  higher  state  of  oxidation.  The  protoxides  of  iron, 
Bse,  tin,  cobalt,  and  others,  act  on  this  principle,  and  are  really 
k1  into  peroxides.  The  peroxides  of  barium,  strontium  and 
may  likewise  be  formed  by  the  action  of  the  peroxide  of  hy- 
OD  baryta,  strontia  and  lime.  But  it  is  a  singular  fact,  and  I 
aware  that  any  satisfactory  explanation  of  it  has  been  given, 
ae  oxides  decompose  the  peroxide  of  hydrogen  without  passing 
ieher  degree  of  oxidation.  The  peroxides  of  silver,  lead,  mer- 
nd,  platinum,  manganese,  and  cobalt,  possess  this  property  in 
itest  perfection,  acting  on  the  peroxide  of  hydrogen,  when  con- 
id,  with  surprising  energy.  The  decomposition  is  complete 
tantaneous ;  oxygen  gas  is  evolved  so  rapidly  as  to  produce  a 
explosion,  and  such  intense  temperature  is  excited,  that  the 
be  in  which  the  experiment  is  conducted  becomes  red-hot. 
ction  is  very  great  even  when  the  peroxide  of  hydrogen  is  di- 
ith  water.  The  oxide  of  silver  occasions  a  very  perceptible 
cence  when  put  into  water  which  contains  only  l-50th  of  its 
oxygen.  All  the  metallic  oxides,  which  are  decomposed  by  a 
t,  such  as  those  of  gold,  platinum,  silver,  and  mercury,  are  re- 
0  the  metallic  state  when  they  act  upon  the  peroxide  of  hydro- 
liis  effect  cannot  be  altogether  ascribed  to  the  caloric  disen- 
uring  the  action ;  for  the  oxide  of  silver  suffers  reduction  when 
a  very  dilute  solution  of  the  peroxide,  although  the  decompo- 
not  then  attended  by  an  appreciable  rise  of  temperature. 
)  the  tendency  ^f  metals  and  metallic  oxides  is  to  decompose 
>xide  of  hydrogen,  acids  have  the  property  of  rendering  it  more 
In  proof'^of  this,  let  a  portion  of  that  liquid,  somewhat  diluted 
iter,  be  heated  till  it  begins  to  effervesce  from  the  escape  of 
gas ;  let  some  strong  acid,  as  the  nitric,  sulphuric,  or  muriatic, 
dropped  into  it,  and  the  effervescence  will  cease  on  the  in- 
\Vhen  a  little  gold  in  a  state  of  fine  division  is  put  into  a  weak 
of  the  peroxide  of  hydrogen,  containing  only  10, 20,  ot  SO  \i\A«a 
of  oxygen,  brisk  effervescence  ensues ;  but  ou  leUVa^  on^  ^to^ 
in'c  Bcid  fall  into  it,  the  effervescence  ceases 'inslanW^  \  \\.\«  t«- 
'  by  the  addition  ofpotassa,  and  is  agaia  aneslttdb^  ai^^Kt^V^^ 
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second  portion  of  add.  The  only  acidi  that  do  not  poaiOM  this  pro* 
periy  are  those  that  have  a  low  degree  of  acidity,  as  the  carbonic  ind 
boiacic  acids;  or  those  which  su&r  a  chemical  change  when  mited 
with  the  peroxide  of  hydrogen,  such  as  the  hydriodic  and  stflphamis 
acids,  and  sulphuretted  hydrogen.  Acids  appear  to  increase  the  sb- 
tiility  of  the  peroxide  in  the  same  way  as  water  does,  namely,  by  con- 
bioifig  chemically  with  it.  Several  compounds  of  this  Idnd  wan 
formed  by  Thenard,  before  he  was  aware  of  the  existence  of  the  pa^ 
oxide  of  hydrogen.  They  were  made  by  dissolving  the  peroxide  of 
barium  in  some  dilute  acid,  such  as  the  nitric,  and  then  preclpitatiii| 
the  bar^'ta  by  sulphuric  acid.  As  tlie  nitric  acid  was  supposed  4mdsr 
these  circumstances  to  combine  with  an  additional  quantity  of  oxygta, 
Thenard  applied  the  term  oxygenized  nitric  acid  to  the  resulting  oom- 
pouod,  and  described  several  other  new  acids  under  a  similar  titU. 
But  the  subsequent  discovery  of  the  peroxide  of  hydrogen  put  the  na- 
ture of  the  oxvgenized  acids  in  a  clearer  light ;  for  their  properties  an 
easily  explicable  on  the  supposition  that  they  are  composed,  not  of 
acids  and  oxygen  gas,  but  of  acids  united  with  the  peroxide  of  hydio- 

The  peroxide  of  hydrogen  was  analyzed  by  dilutins  a  known  weigjit 
of  it  with  water,  and  then  decomposing  it  by  boiUng  the  solotloiL 
According  to  two  careful  analyses,  conducted  on  this  principle,  864 
parts  of  the  peroxide  of  hydrogen  are  composed  of  466  of  water,  and 
.^95  of  oxygen  gas.  The  466  of  water  contain  414  of  oxyjj^,  whence 
:'.  may  be*  inferred  that  the  peroxide  of  hydrogen  contams  twice  as 
i:-.uoh  o\y$;eu  as  water.  A  small  deficiency  of  oxygen  in  tlie  es^eci- 
i-^cui  wjks  to  be  expected,  owing  to  the  difficulty  of  obtaining  tlie  per* 
.*\:oo  of  hydrogen  peii'ectly  free  from  water.  The  peroxide  consists, 
■he"«rfbre.  of 

Hydrogen  1        one  proportion. 

Oxygen  16        two  proportions. 


SECTION  V. 


.'  c  N\*wuof  Of  ai'.rviiien  fas,  as  distinct  from  every  other  gaseoof 

.   ''^  {  I.C,  ^i':»cAr*  to  have  botrn  tiist  noticed  by  the  late  Dr  Ru^er- 

,-.v    -■   I*""*      Ijvv.swr  iiiscovered  in  1775  that  it  is  a  constitoent 

-  .  ,•  '.>c  j'.:uo*j*h<rc.  jiR^i  (he  same  discovery  was  made  soon  after, 

.    iv..  ■.?>*' <»^te  ii»^e.  ^y  Sch^wle.    Lavoisier  called  it  wfljKote  from  s 

%;   ;-\.  A'.v  ^%«  l:t<f»  tvcauM  it  is  unable  to  support  Uie  respiiatioD 

..•  f.»  -» .  ^s:;  1*  ::  po;wes<M»s  this  negative  property  in  common  with 

.  -   .'  V.  i*'<*.  :h^  -'Oie  »i^propri4te  term  nitrogen  has  been  siocs 

v-v    ,'  • ,  ••  vw  :^  ci:cuK:st*uc«  of  its  being  an  essential  ingredient 


\        ts     ^ 


N    xAv.'  "^  ^'KMii  *vi'.in«j:*uily  prepared  by  burning  a  piece  of  phos- 

'*     -  ■    •    t    v    0  *::  it\tttevi  over  water.    The  strong  affinity  of 

».  .N  •'.'  t.^  \s  x\v^«^  ei^A>:**  u  to  bum  till  the  whole  of  that  gas  is 

*^  •    -vN       1^^  v"^\s^>M  v»;  jhe  combustion,  phosphoric  acid,  is  at 

-"  •■       '^-  n,^"   ^.\H^^  ;Nr  ^«<«i\>»  \u^b«  fs^iuiQt «  ^blte  cloud;  but  as 

»^    .o^-^v  o   v%.«.  A-  v.^<       t^  t««dna\^gaa\ai&\xQ^«ii^«j«^ia;^^^ 
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nail  quantity  of  carbonic  acid  and  vapour  of  phosphorus,  both  of 
hiefa  may  be  removed  by  agitating  it  briskly  with  a  solution  of  pure 
itasM.  Several  other  substances  may  be  employed  for  withdrawing  the 
ygen  firom  atmospheric  air.    A  solution  of  the  proto-sulphate  of  iron, 
arged  with  the  deutoxide  of  nitrogen,  absorbs  the  oxygen  in  the 
ace  of  a  few  minutes.    A  stick  of  phosphorus  produces  the  same 
bet  in  24  hours,  if  exposed  to  a  temperature  of  60**  F.    A  solution  of 
a  aalphuret  of  potassa  or  of  lime  acts  in  a  similar  manner ;  and  a 
ixture  of  equal  parts  of  iron  filings  and  sulphur,  made  into  a  paste  with 
iter,  may  be  employed  with  the  same  intention.    Both  these  pro- 
issee,  however,  are  inconvenient  from  their  slowness.    Nitrogen  gas 
ay  likewise  be  obtained  by  e]^>08ing  a  mixture  of  fresh  muscle  and 
trie  acid  of  specific    gravity  1.20  to  a  moderate    temperature. 
BRBTvescence  then  takes  place,  and  a  large  quantity  of  gaseous  mat- 
r  is  evolved,  which  is  nitrogen  mixed  with  a  little  carbonic  acid. 
be  latter  must  be  removed  oy  agitation  with  lime-water;  but  the 
sidue  still  retains  a  peculiar  odour,  indicative  of  the  presence  of  some 
}latl]e  principle  which  cannot  be  wholly  separated  from  it.    The 
leory  oi  this  process  is  somewhat  complex,  and  will  be  considered 
ore  conveniently  in  a  subsequent  part  of  the  work. 
Pure  nitrogen  is  a  colourless  gas,  wholly  devoid  of  smell  and  taste. 

does  not  change  the  blue  colour  of  vegetables,  and  is  distinguished 
>in  other  gases  more  by  negative  characters  than  any  striking  quality. 

is  not  a  supporter  of  combustion  ;  but,  on  the  contrary,  extinguishes 
I  burning  bo<1ies  that  are  immersed  in  it.  No  animal  can  live  in  it ; 
It  yet  it  exerts  no  injurious  action  either  on  the  lungs  or  on  the  sys- 
m  at  large,  the  privation  of  oxygen  gas  being  the  sole  cause  of  death. 

is  not  inflammable  like  hydrogen,  though,  under  favourable  circum- 
mces,  it  may  be  made  to  unite  with  oxygen.  Water,  when  depriv- 
1  of  air  by  ebullition,  takes  up  about  one  and  a  half  per  cent  of  it. 
s  specific  gravity  is  0.9722*  ;  and  therefore  100  cubic  inches  at  the 
lean  temperature  and  pressure,  will  weigh  29.662  grains. 

Considerable  doubt  exists  as  to  the  nature  of  nitrogen.  Though 
nked  among  the  simple  non-metallic  bodies,  some  circumstances 
ive  led  to  the  suspicion  that  it  is  compound,  and  this  opinion  has 
ien  warmly  advocated  by  Sir  H.  Davy  and  Berzelius.  The  chief 
gument  in  favour  of  this  view  is  drawn  from  the  phenomena  that  at- 
Dd  the  formation  of  what  is  called  the  ammoniaeal  amalgam, 
"om  the  metallic  appearance  of  this  substance,  it  was  supposed  to  be 
compound  of  mercury  and  a  metal ;  and  as  the  only  method  of  form- 
%  it  is  by  the  action  of  galvanism  .on  a  salt  of  ammonia,  in  contact 
Ith  a  globule  of  mercury,  it  follows  that  the  metal,  if  present  at  all, 
jst  have  been  supplied  by  the  ammonia.  Now  ammonia  is  com- 
<ed  of  hydrogen  and  nitrogen ;  and  as  the  former,  from  its  levity, 
uld  hardly  be  supposed  to  contain  a  metal,  it  was  inferred  that  it 
ist  be  present  in  the  latter.  Unfortunately  for  this  argument,  the 
pposed  metal  cannot  be  obtained  in  a  separate  state.    The  amalgam 

sooner  ceases  to  be  under  the  galvanic  influence  than  its  elements 
gin  to  separate  spontaneously,  and  in  a  few  minutes  the  decomposi- 
n  is  complete,  the  sole  products  being  ammonia,  hydrogen,  and 
re  mercury.  Sir  H.  Davy  accounts  for  this  change  on  the  supposi- 
D  that  water  is  decomposed ;  that  its  oxygen  reproduces  nitrogen 

*  This  number  is  calculated  on  the  assumption  that  air  consists  of 
a  measure  of  oxygen  to  four  of  nitrogen,  and  l\\at  l.llW  \%  >^^ 

Mjjfic  grrarJty  of  oxygen  gas.    See  Thomson's  Fust  PniicAtA^^,  nOl. 
.  ff9,  ^ 
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second  portion  of  acid.  The  only  tcidi  that  do  not  powow  this  pro* 
perty  are  those  that  have  a  low  degree  of  acidity,  as  the  carbonic  yid 
boracic  acids ;  or  those  which  suror  a  chemical  change  when  mixed 
with  the  peroxide  of  hydro{;en,  such  as  the  hydriodic  and  sodphafoui 
acids,  and  sulphuretted  hydrogen.  Acids  appear  to  increaie  the  sta* 
Iiiiity  of  the  peroxide  in  the  same  way  as  water  does,  namely,  by  con- 
bining  chemically  with  it.  Several  compounds  of  this  Idnd  wan 
formed  by  Thenard,  before  he  was  aware  of  the  existence  of  the  pa^ 
oxide  of  hydrogen.  They  were  made  by  dissolving  the  peroxide  of 
barium  in  some  dilute  acid,  such  as  the  nitric,  and  then  predpitatiiif 
the  baryta  by  sulphuric  acid.  As  the  nitric  acid  was  supposed  4mdir 
these  circumstances  to  combine  with  an  additional  quantity  of  oxygta, 
Thenard  applied  the  term  oxygenized  nitric  acid  to  the  resulting  com* 
pound  I  and  described  several  other  new  acids  under  a  similar  tilkt 
But  the  subsequent  discovery  of  the  peroxide  of  hydrogen  put  the  na- 
ture of  the  oxygenized  acids  in  a  clearer  light ;  for  their  properttes  an 
easily  explicable  on  the  supposition  that  they  are  composed,  not  of 
acids  and  oxygen  gas,  but  of  acids  united  with  the  peroxide  of  hydro- 
gen. 

The  peroxide  of  hydrogen  was  analyzed  by  diluting  a  known  weigjht 
of  it  with  water,  and  then  decomposing  it  by  boiUng  the  solatiioo. 
According  to  two  careful  analyses,  conducted  on  this  principle,  864 
parts  of  the  peroxide  of  hydrogen  are  composed  of  466  of  water,  and 
S98  of  oxygen  gas.  The  466  of  water  contain  414  of  oxyjj^,  whence 
It  may  be  inferred  that  the  peroxide  of  hydrogen  contains  twice  is 
much  oxygen  as  water.  A  small  deficiency  of  oxygen  in  the  experi- 
ment was  to  be  expected,  owing  to  the  difficulty  of  obtaining  the  per- 
oxide of  hydrogen  perfectly  free  from  water.  The  peroxide  conasts, 
therefore,  of 

Hydrogen  1        one  proportion. 

Oxygen  16        two  proportions. 


SECTION  V. 
j\riTROGEJ\r. 

The  existence  of  nitrogen  gas,  as  distinct  from  every  other  gaseoof 
substance,  appears  to  have  been  first  noticed  by  the  late  Dr  Ko6ier- 
ford  in  1772.  Lavoisier  discovered  in  1776  that  it  is  a  constituent 
part  of  the  atmosphere,  and  the  same  discovery  was  made  soon  after, 
or  about  the  same  time,  by  Scheele.  Lavoisier  called  it  Jlxote  from  « 
privative,  and  (an  life,  because  it  is  unable  to  support  Uie  respiration 
of  animals ;  but  as  it  possesses  this  negative  property  in  common  with 
most  other  gases,  the  more  appropriate  term  nitrogen  has  been  since 
applied  to  it,  from  the  circumstance  of  its  being  an  essential  ingredient 
of  nitric  acid. 

Nitrogen  is  most  conveniently  prepared  by  burning  a  piece  of  phos- 
phorus in  a  jar  full  of  air  inverted  over  water.    The  strong  affinity  of 
phosphorus  for  oxygen  enables  it  to  bum  till  the  whole  of  that  gas  is 
consumed.    The  product  of  the  combustion,  phosphoric  acid,  is  at 
£rst  diffused  through  the  residue  mXhe  lowxv  ol « '?m\V!t  cVwid-^  but  is 
this  substance  is  rapidly  absorbed  by  YvaX^T,  VV.  ^\&vQiV^<«^  voiOB^Vsi 
the  course  of  half  aa  hour.    The  Tes\d\i«\  ^aJB  \aTi\\.\f»%«Ei»  t^oNaoaE^v 
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small  qmntity  of  carbonic  acid  and  vapour  of  phosphorus,  both  of 
which  may  be  removed  by  agitating  it  briskly  with  a  solution  of  pure 
potassa.  Mveral  other  substances  may  be  employed  for  withdrawing  the 
oxygen  from  atmospheric  air.    A  solution  of  the  proto-sulphate  of  iron, 
cha^d  with  the  deutoxide  of  nitrogen,  absorbs  the  oxygen  in  the 
space  of  a  few  minutes.    A  stick  of  phosphorus  produces  the  same 
efiect  in  24  hours,  if  exposed  to  a  temperature  of  60**  F.    A  solution  of 
the  aulphuret  of  potassa  or  of  lime  acts  in  a  similar  manner ;  and  a 
mixture  of  equal  parts  of  iron  filings  and  sulphur,  made  into  a  paste  with 
water,  may  be  employed  with  the  same  intention.    Both  these  pro- 
cesses, however,  are  inconvenient  from  their  slowness.    Nitrogen  gas 
may  likewise  be  obtained  by  e]^>08ing  a  mixture  of  fresh  muscle  and 
nitric  acid  of  specific    gravity  1.20  to  a  moderate    temperature. 
Effervescence  then  takes  place,  and  a  large  quantity  of  gaseous  mat- 
ter is  evolved,  which  is  nitrogen  mixed  with  a  little  carbonic  acid. 
The  latter  must  be  removed  oy  agitation  with  lime-water ;  but  the 
residue  still  retains  a  peculiar  odour,  indicative  of  the  presence  of  some 
volatile  principle  which  cannot  be  wholly  separated  from  It.    The 
theory  01  this  process  is  somewhat  complex,  and  will  be  considered 
more  conveniently  in  a  subsequent  part  of  the  work. 

Pore  nitrogen  is  a  colourless  gas,  wholly  devoid  of  smell  and  taste. 
It  does  not  change  the  blue  colour  of  vegetables,  and  is  distinguished 
from  other  gases  more  by  negative  characters  than  any  striking  quality. 
It  is  not  a  supporter  of  combustion  ;  but,  on  the  contrary,  extinguishes 
all  burning  bodies  that  are  immersed  in  it.  No  animal  can  live  in  it ; 
bat  yet  it  exerts  no  injurious  action  either  on  the  lungs  or  on  the  sys- 
tem at  large,  the  privation  of  oxygen  eas  being  the  sole  cause  of  death. 
It  is  not  inflammable  like  hydrogen,  tliough,  under  favourable  circum- 
stances, it  may  be  made  to  unite  with  oxygen.  Water,  when  depriv- 
ed of  air  by  ebullition,  takes  up  about  one  and  a  half  per  cent  of  it. 
Its  specific  gravity  is  0.9722* ;  and  therefore  100  cubic  inches  at  the 
mean  temperature  and  pressure,  will  weigh  29.662  grains. 

Considerable  doubt  exists  as  to  the  nature  of  nitrogen.  Though 
ranked  among  the  simple  non-metallic  bodies,  some  circumstances 
have  led  to  the  suspicion  that  it  is  compound,  and  this  opinion  has 
been  warmly  advocated  by  Sir  H.  Davy  and  Berzelius.  The  chief 
argument  in  favour  of  this  view  is  drawn  from  the  phenomena  that  at- 
tend the  formation  of  what  is  called  the  ammoniaeal  amalgam. 
From  the  metallic  appearance  of  this  substance,  it  was  supposed  to  be 
a  compound  of  mercury  and  a  metal ;  and  as  the  only  method  of  form- 
ing it  is  by  the  action  of  galvanism  .on  a  salt  of  ammonia,  in  contact 
with  a  globule  of  mercury,  it  follows  that  the  metal,  if  present  at  all, 
must  have  been  supplied  by  the  ammonia.  Now  ammonia  is  com- 
posed of  hydrogen  and  nitrogen ;  and  as  the  former,  from  its  levity, 
could  hardly  be  supposed  to  contain  a  metal,  it  was  inferred  that  it 
must  be  present  in  the  latter.  Unfortunately  for  this  argument,  the 
supposed  metal  cannot  be  obtained  in  a  separate  state.  'Hie  amalgam 
no  sooner  ceases  to  be  under  the  galvanic  influence  than  its  elements 
hegin  to  separate  spontaneously,  and  In  a  few  minutes  the  decomposi- 
tion is  complete,  the  sole  products  being  ammonia,  hydrogen,  and 
pure  mercury.  Sir  H.  Davy  accounts  for  this  change  on  the  supposi- 
tion that  water  is  decomposed ;  that  its  oxygen  reproduces  nitrogen 


*  This  number  is  calculated  on  the  assumption  that  air  consists  o( 
one  measure  of  oxygen  to  four  of  nitrogen,  and  l\\at  l.WW  \a  \\vfe 
tpeciGc  gravity  of  oxygen  gas.    See  Thomson's  Fust  PniiCAvW,  nOl» 
/  p.  99.  * 
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by  uniting  with  the  supposed  metal ;  and  that  one  part  of  its  tajrdrogni 
forms  ammonia  by  uniting  with  the  nitrogen,  while  the  remabidsr 
escapes  in  the  form  of  gas.  But  Gay-Lussac  and  Thenard,  (Reefaei- 
ches  Physico-Chimiques,  vol.  i.)  declare  that  the  •malgmm  nsoltes 
itself  into  mercury,  ammonia,  and  hydrogen,  eren  though  peifsctly  fine 
from  moisture ;  and  infer  from  their  experiments  that  it  is  composed  of 
those  three  substances  combined  directly  with  one  another,  ft  bsoee 
appears  that  the  examination  of  the  ammoniacal  amalsam  affords  do 
proof  of  the  compound  nature  of  nitrogen ;  not  was  Sir  H.  DaTj*! 
attempt  to  decompose  that  gas  by  aid  of  potassiuni,  intense^  healad 
by  a  galvanic  current,  attended  with  better  success.  Benelius  hM 
defended  the  idea  that  nitrogen  is  a  compound  body  on  oUier  prind* 
pies ;  but  as  his  arguments,  though  very  ingenious,  are  merely  spaea- 
lative,  they  cannot  be  admitted  as  decisive  of  the  question. 

On  the  Atmosphere. 

The  earth  is  every  where  surrounded  by  a  mass  of  gaseoos  matter 
called  the  atmosphere,  which  is  preserved  at  its  surface  ny  the  force  of 
gravity,  and  revolves  together  with  it  around  the  sun.  It  is  colouilM 
and  invisible ;  excites  neither  taste  nor  smell  when  pure,  and  is  Dot 
sensible  to  the  touch  unless  when  it  is  in  motion,  ttpoasesses  the 
physical  properties  of  elastic  fluids  in  a  high  dc^gree.  Tne  knowledge 
of  its  exact  weight  is  an  essential  element  in  many  physical  and  che- 
mical researches,  and  has  therefore  been  determined  with  much  care. 
According  to  the  experiments  of  Sir  G.  Shuckburah  Eveljm,  100  cubic 
inches  of  pure  and  dry  atmospheric  air  at  60°  F.  and  30  Bar.  wei|^ 
exactly  30.5  grains*.  Its  specific  gravity  is  unity,  being  the  standard 
with  which  the  density  of  all  other  elastic  fluids  is  compared.  It  is 
828  times  lighter  than  water,  and  near  1 1 ,260  times  lighter  than  mercoiy. 

The  pressure  of  the  atmosphere  was  first  noticed  early  in  the  seven- 
teenth century  by  Galileo,  and  was  afterwards  demonstrated  by  his 
pupil  Torricelli,  to  whom  science  is  indebted  for  the  invention  of  the 
barometer.  Its  pressure  at  the  level  of  the  sea  is  equal  to  a  weight 
of  about  15  pounds  on  every  square  inch  of  surface,  and  is  capable  of 
supporting  a  column  of  water  34  feet  high,  and  one  of  mercury  of  30 
inches;  that  is,  a  column  of  mercury  one  inch  square  and  30  inches 
long  has  the  same  weight  (nearly  15  pounds)  as  a  column  of  water  of 
the  same  size  and  34  feet  long,  and  as  a  column  of  air  of  the  same 
size  reaching  from  the  level  of  the  sea  to  the  extreme  limit  of 
the  atmosphere.  By  the  use  of  the  barometer  it  was  discovered  that 
the  atmospheric  pressure  is  variable.  It  varies  according  to  the  eleva* 
tion  above  the  level  of  the  sea,  and  on  this  principle  the  height  of 
mountains  is  estimated.  Supposing  the  density  of  the  atmosphere  to 
be  uniform,  a  fall  of  one  inch  in  the  barometer  would  correspond  to 
11,260  inches  or  938  feet  of  air;  but  in  order  to  make  the  calculation 
with  accuracy,  allowance  must  be  made  for  the  increasing  rarity  of 
the  air,  and  for  various  other  circumstances  which  are  (^tailed  in 
works  on  meteorology.  (Daniell's  Meteorological  Essays,  2d  edit.  376.) 
From  causes  at  present  not  understood,  the  pressure  varies  likewise 
iit  the  same  place.  On  this  depends  the  indications  of  the  barometer 
as  a  weather-glass ;  for  observation  has  fully  proved,  that  the  weather 
is  commonly  fair  and  calm  when  the  barometer  is  high,  and  usually 
wet  and  stormy  when  the  mercury  falls. 

*  See  note  referring;  to  Dr  ProuV'a  \etetiX  ^xi^^tx^xi^ttla  on  the  weight 
of  pure  atmospheric  air,  page  99.    "B. 
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Atmoepbeiic  air  is  highly  compressible  and  elastie ;  so  that  its  parti- 
les  admit  of  being  approximated  to  a  great  extent  by  compression, 
nd  expand  to  an  extreme  degree  of  rarity,  when  the  tendency  of  its 
Articles  to  separate  is  not  restrained  by  external  force.  It  lias  been 
Miod  experimentally  that  the  volume  of  air  and  all  other  gaseous  fiu- 
ils»  so  long  as  they  retain  the  elastic  state,  is  inversely  as  Oie  pressure 

0  which  they  are  exposed.  Thus  a  portion  of  air  which  occupies  100 
neasures  when  compressed  by  a  force  of  one  pound,  will  be  diminish- 
id  to  50  measures  when  the  pressure  is  doubled,  and  will  expand  to 
MM)  measures  when  the  compression  is  equal  to  half  a  pound.  This 
aw  was  first  demonstrated  in  1662  by  the  celebrated  Boyle,  and  a  se- 
cond demonstration  of  it  was  given  some  years  afterwards  by  the 
Trench  philosopher  M.  Mariotte,  apparently  without  being  aware  that 
iie  discovery  had  been  previously  made  in  England.  It  is  hence  fre- 
juently  called  the  law  of  Mariotte.  Till  lately  it  had  not  been 
verified  for  very  great  pressures ;  but  from  the  experiments  of  Oer- 
ited  in  1825,  who  extended  his  observations  to  air  compressed  by 

1  force  equal  to  110  atmospheres,  it  may  be  inferred  to  be  quite 
l^enera],  except  when  the  gaseous  matter  assumes  the  liquid  form*. 
(Edirib.  Journal  of  Science,  No.  Ylll.  p.  224.)  At  what  pressure 
air  undergoes  tliis  change  is  uncertain.  Mr  Perkins  indeed  states, 
that  he  has  condensed  it  into  a  liquid  by  a  pressure  of  2000  atmos- 
pheres ;  but  there  appears  good  reason  to  suspect  that  the  liquid  ob- 
tained in  this  experiment  was  no  other  than  water.  It  retained  its 
liquid  form  under  the  atmospheric  pressure,  and  therefore  wanted  the 
distinguishing  character  of  a  condensed  gas. 

The  extreme  compressibility  and  elasticity  of  the  air  accounts  for 
the  facility  with  which  it  is  set  in  motion,  and  the  velocity  with  which 
it  is  capable  of  moving.  It  is  subject  to  the  laws  which  characterize 
elastic  fluids  in  general.  It  presses,  therefore,  equally  on  every  side  ; 
and  when  some  parts  of  it  become  lighter  than  the  surrounding  por- 
tions, the  denser  particles  rush  rapidly  into  their  place  and  force  the 
more  rarefied  ones  to  ascend.  The  motion  of  air  gives  rise  to  various 
familiar  phenomena.  A  stream  or  current  of  air  is  wind,  and  an  undu- 
lating vibration  excites  the  sensation  of  sound. 

The  atmosphere  is  not  of  equal  density  at  all  its  parts.  This  is  ob- 
vious from  the  consideration,  that  those  portions  which  are  next  the 
earth  sustain  the  whole  pressute  of  the  atmosphere,  while  the  higher 
strata  bear  only  a  part.  The  atmospheric  column  diminishes  in  length 
as  the  distance  from  the  earth's  surface  increases ;  and,  consequently, 
the  greater  the  elevation,  the  lighter  must  be  the  air.  It  is  not  known 
to  wliat  height  the  atmosphere  extends.  From  calculations  founded 
OD  the  phenomena  of  refraction,  its  height  is  supposed  to  be  about  45 
miles ;  and  Dr  Wollaston  estimates  from  the  law  of  expansion  of  gases, 
that  it  must  extend  to  at  least  40  miles  with  properties  unimpaired  by 
rarefaction.  In  speculating  on  its  extent  beyond  that  distance,  it  be- 
comes a  question  whether  the  atmosphere  is  or  is  not  limited  to  the 
earth.  This  subject  has  been  discussed  with  his  usual  sagacity  by  Dr 
Wollaston  in  an  Essay  on  the  Finite  Extent  of  the  Atmosphere,  pub- 
lished in  the  Philosophical  Transactions  for  1822.  On  the  supposition 
that  the  atmosphere  is  unlimited,  it  would  pervade  all  space,  and  ac- 
cumulate about  the  sun,  moon,  and  planets,  forming  around  each  an 
atmosphere,  the  density  of  which  would  depend  on  their  respective 
forces  of  attraction.    Now  Dr  Wollaston  infers  from  astronomical  ob- 


*  See  Dote,  page  66.     B. 
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flervttioDf  made  by  himself  and  CapUin  Kater,  that  there  is  no  sobr 
atmosphere ;  and  the  obserrations  of  other  astronomers  appear  to  justi^ 
the  same  inference  with  respect  to  the  planet  Jupiter.  If  the  aeeun- 
cy  of  these  conclusions  be  admitted,  it  follows  that  our  atmosphere  it 
confined  to  the  earth ;  and  it  may  next  be  asked,  by  what  means  is  ib 
extent  limited  ?  Dr  WoUaston  accounts  for  it,  by  supposing  the  lir, 
.  aAer  attaining  a  certain  degree  of  carefaction,  to  possess  so  feeble  an 
elasticity,  that  the  tendency  of  its  particles  to  separate  further  from 
each  other  is  counteracted  by  gravity.  The  unknown  height  at  whidi 
this  equilibrium  between  the  two  forces  of  elasticity  and  graTttatioB 
takes  place,  is  the  outermost  boundary  of  the  atmosphere.  It  is  lil^ 
ther  argued,  that  this  mode  of  reasoning  is  inapplicable  unless  theiir 
be  supposed  to  consist  of  ultimate  atoms.  Then  only  can  each  parti- 
cle be  separated  from  contiguous  ones,  to  a  degree  sufficient  for  pio- 
ducing  that  diminution  of  elasticity  required  by  the  argument;  for  if 
the  material  substance  of  air  i9  divisible  without  limit,  each  paitirle 
will  in  itself  contain  an  infinite  number  of  other  particles,  the  tenrioa 
of  which,  in  consequence  of  their  proximity,  should  lead  to  their  mo- 
tual  separation.  The  production  of  fresh  portions  of  air  would  on  thii 
principle  be  endless. 

In  order  to  account  for  the  limited  nature  of  the  atmosphere,  acroid- 
ine  to  this  principle,  the  air  is  inferred  to  consist  of  atoms ;  and  if  the 
inference  be  granted,  it  is  fair  to  presume  that  matter  in  general  hai  a 
similar  constitution.  The  tendency  of  Dr  Wollaston's  reasoolngi 
therefore,  is  to  demonstrate  the  truth  of  the  atomic  theory.  But  even 
admitting  astronomical  observations  as  conclusive  against  the  existence 
of  a  solar  atmosphere,  and  as  proving  by  inference  the  extent  of  oars  to 
be  limited,  it  scarcely  follows,  I  apprehend,  that  much  weight  can  be 
attached  to  the  argument.  The  tension  or  elasticity  of  gaseous  ntt- 
ter  is  lessened  by  two  causes,  diminution  of  pressure,  and  reduction  of 
temperature.  The  former  alone  is  taken  Into  account  by  Dr  WoUas- 
ton ;  but  as  the  tendency  of  the  latter  to  deprive  gases  of  their  ehtstie 
form  is  now  fully  established,  it  appears  to  me  that  the  extreme  cold 
which  is  admitted  to  prevail  in  the  higher  regions  of  the  air,  may  of 
itself  be  a  condition  sufficient  to  put  a  limit  to  the  extent  of  the  atmos- 
phere. Some  very  ingenious  remarks  have  been  made  on  this  subject 
by  Mr  Graham.     (Philos.  Mag.  and  Annals,  i.  107.) 

The  temperature  of  the  atmosphere  varies  with  its  elevation.  Gas- 
eous fluids  permit  radiant  matter  to  pass  freely  through  them  without 
any  absorption,  and  therefore  without  their  temperature  being  influ- 
enced by  its  passage.  The  atmosphere  is  not  heated  by  transmitting 
the  rays  of  the  sun.  The  air  receives  its  caloric  solely  from  the  earth,  and 
chiefly  by  actual  contact ;  so  that  its  temperature  becomes  progres- 
sively lower,  as  the  distance  from  the  general  mass  of  the  earth  in- 
creases. Another  circumstance  which  contributes  towaids  the  same  ef- 
fect, is  the  increasing  tenuity  of  the  atmosphere ;  for  the  temperature  of 
rarefied  air  is  less  raised  by  a  given  quantity  of  heat,  than  that  of  the 
same  portion  of  air  when  compressed,  owing  to  its  specific  caloric  be- 
ing greater  in  the  former  state  than  In  the  latter.  From  the  joint  in- 
fluence ot  both  these  causes  it  is  found  that,  in  ascending  into  the  at- 
mosphere, the  temperature  diminishes  at  the  rate  of  one  degree  for 
about  every  300  feet.  The  rate  of  decrease  is  probably  much  slower 
at  considerable  distances  from  the  earth  ;  but  still  there  Is  no  reason  to 
doubt  that  the  temperature  continues  to  decrease  with  the  inereasmg 
elevation.  There  must  consequenUy  in  every  latitude  be  ft  point. 
where  the  thermometer  never  rises  abov^  ^"i? ,  wv^  ^Vvci^  Vc*  Is  never 
UqueBed,     This  point  varies  w\lVi  Wie  \«i\\Vvi^e,\iw^^  \A^'t%\'«V!iBa. 
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45°       . 

7,671 
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6,834 

14,764 

55° 

6,084 

14,220 

60° 
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65° 
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12.557 

70°       . 

1,778 

11,484 

75'*       . 

1,016 

10,287 

80°        . 

457 

9,001 

86° 

117 

the  topics,  and  descendiog  gradually  aa  we  advance  towards  the  poles. 
The  foJIowinfS  table,  from  the  supplement  to  the  Encyclopedia  Britan- 
nica,  page  190,  article  climate,  shows  the  point  of  perpetual  ice  corres- 
ponding to  different  latitudes. 

JMiitude, 

0° 

6» 
10° 
16° 
20° 
26° 
80^ 
85° 
40'        .         . 

Air  was  one  of  the  four  elements  of  the  ancient  philosophers,  and 
their  opinion  of  its  nature  prevailed  generally  till  its  accuracy  was  ren- 
dered questionable  by  the  experiments  of  fiovle,  Hooke,  aod  Mayow. 
The  discovery  of  oi^gen  gas  in  1774  paved  the  way  to  the  knowledge 
of  its  real  composition,  which  was  discovered  about  the  same  time  by 
Scheele  and  Lavoisier.  The  former  exposed  some  atmospheric  air  to 
atolution  of  the  sulphuret  of  potassa,  which  gradually  absoi bed  the 
whole  of  the  oxygen.  Lavoisier  effected  the  same  object  by  the  com* 
boition  of  iron  wire  and  phosphorus. 

The  earlier  analyses  of  the  air  did  not  agree  very  well  with  one  ano- 
ther.   According  to  the  researches  of  Lavoisier,  it  is  composed  of  twen- 
ty*scven  measures  of  oxysen  to  seventy-three  of  nitrogen.  The  analysis 
of  Scheele  gave  a  somewtiat  higher  proportion  of  oxygen.    Priestley 
found  that  tne  quantity  of  oxygen  varies  from  twenty  to  twenty-five 
per  cent ;  and  Uavendish  estimated  it  only  at  twenty.    These  discre- 
pancies must  have  arisen  from  imperfections  in  the  mode  of  analysis  \ 
lor  the  proportion  of  oxygen  has  been  found  by  subsequent  experi- 
i&ents  to  be  almost,  if  not  exactly,  that  which  was  stated  by  Mr 
Cavendish.    The  results  of  Scheele  and  Priestley  are  clearly  referrible 
to  this  cause.     It  is  now  known  that  the  processes  they  employed 
Cannot  be  relied   on,  unless  certain  precautions  are  taken  of  which 
those  chemist  were  ignorant.    Recently  boiled  water  absorbs  nitrogen  ; 
and,  coDtequentIy,irthe  sulphuret  of  potassa  be  dissolved  in  that  liquid 
by  the  aid  of  heat,  the  solution  takes  up  a  portion  of  nitrogen  during 
the  process,  and  thereby  renders  the  apparent  absorption  of  oxygen 
too  great.     This  inconvenience  may  be  avoided  by  dissolving  the 
Mkaline  sulphuret  in  cold  unboiled  water.    The  deutoxide  of  nitrogen, 
employed  by  Priestley,  removes  all  the  oxygeu  in  the  course  of  a  few 
seconds ;  but  for  reasons  which  will  soon  be  mentioned,  its  indications 
ure  very  apt  to  be  fallacious.    The  combustion  of  phosphorus,  as  well 
^8   the  gradual  oxidation  of  that  substance,  acts  in  a  very  uniform 
manner,  and  removes  the  whole  of  the  oxygen  completely.    The 
residual  nitrogen  contains  a  little  of  the  vapour  of  phosphorus,  which 
increases  the  ouik  of  that  gas  by  l-40th,  for  which  an  allowance  must 
be  made  in  estimating  the  real  quantity  of  nitrogen. 

Since  chemists  have  learned  the  precautions  to  be  taken  in  the 
analysis  of  the  air,  a  close  correspondence  has  been  observed  in  the 
results  of  their  experiments  upon  it.  The  researches  of  Davy,  Dalton, 
Gay-Lussac,  Thomson,  and  others,  leave  no  doubt  that  100  measures, 
of  pure  atmospheric  air  eoosiBt  of  twenty  or  twenty-ODe  noWvcv^^  qI 
oxygen,  and  eighty  or  sereaty-Diae  of  nitrogen.    Dc  Thomsoti,  \^'V\o^c^ 
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ion  of  oxygen;  and  hence  the  origin  of  the  term  Eudiometer y 
Fhich  was  applied  to  the  apparatus  for  analyzing  the  air.  But  this 
ipinioDt  though  at  first  supported  by  the  discordant  results  of  the 
arlier  uialysts,  was  soon  proved  to  be  fallacious.  It  appears,  on  the 
ontniry,  tnat  the  composition  of  the  air  is  not  only  constant  in  the 
ame  place,  but  is  the  same  in  all  regions  of  the  earth,  and  at  all  alti- 
tidea.  Air  collected  at  the  summit  of  the  highest  mountains,  such 
s  Mont- Blanc  and  Chimborazo,  contains  the  same  proportion  of  ozy- 
nan  as  that  of  the  lowest  valleys.  The  air  of  Egypt  was  found  by 
)eithollet  to  be  similar  to  that  of  France.  The  air  which  Gay-Lussac 
>roiight  from  an  altitude  of  21,735  feet  above  the  earth,  had  the  same 
H>mpo8ition  as  that  collected  at  a  short  distance  from  its  surface. 
£▼00  the  miasmata  of  marshes,  and  the  effluvia  of  infected  places, 
owe  their  noxious  qualities  to  some  principle  of  too  subtile  a  nature  to 
be  detected  by  chemical  means,  and  not  to  a  deficiency  of  ozygen. 
Segiun  examined  the  infectious  atmosphere  of  an  hospital,  the  odour  of 
wmch  wa»  almost  intolerable,  and  could  discover  no  appreciably  de- 
ficiency of  ozygen,  or  other  peculiarity  of  composition. 

The  question  has  been  much  discussed  whether  the  oxygen  and 
nitrosen  eases  of  the  atmosphere  are  simply  mixed,  or  chemically  com- 
bined wim  one  another.    Appearances  are  at  first  view  ereally  in  fa- 
vour of  the  latter  opinion.    Oxygen  and  nitrogen  gases  diner  in  densi- 
ty, and  Uierefore  it  might  be  expected,  were  they  merely  mixed  to- 
gether, that  the  oxygen,  as  the  heavier  gas,  ought,  in  obedience  to  the 
force  of  gravity,  to  collect  in  the  lower  regions  of  the  air,  while  the 
nitroeen  should  have  a  tendency  to  occupy  the  higher.    But  this  has 
nowhere  been  observed.    If  air  be  confined  in  a  long  tube,  preserved 
at  perfect  rest,  its  upper  part  will  contain  just  as  much  oxygen 
as  the  lower,  even  after  an  interval  of  many  months ;  nay,  if  the  lower 
pait  of  it  be  filled  with  oxygen,  and  the  upper  with  nitrogen,  these 
gases  will  be  found  in  the  course  of  a  few  hours  to  have  mixed  inti- 
mately with  one  another.    The  constituents  of  the  air  are,  also,  in  the 
exact  proportion  for  combining.     By  measure  they  are  in  the  simple 
ratio  of  one  to  four,  which  agrees  perfectfy  with  the  law  of  combina- 
tion by  volume;  and  by  weight  they  are  as  8  to  28,  which  is  one  propor- 
tion of  oxygen  to  two  of  nitrogen. 

Strong  as  are  these  arguments  in  favour  of  the  chemical  theory,  it 
is  nevertheless  liable  to  objections  which  appear  insuperable.  The  at- 
mosphere possesses  all  the  characters  that  should  arise  from  a  mechan- 
ical mixture.  There  is  not,  as  ii^all  other  cases  of  chemical  union, 
any  change  in  the  bulk,  form,  or  other  qualities  of  its  elements.  The 
nitrogen  manifests  no  attra(5tion  for  the  oxygen.  All  bodies  which 
have  an  affinity  for  oxygen,  abstract  it  from  the  atmosphere  with  as 
much  facility  as  if  the  nitrogen  was  absent  altogether.  Even  water 
efiects  this  separation  ;  for  the  air  which  is  expelled  from  rain  water 
by  ebullition,  contains  more  than  twenty  per  cent,  of  oxygen.  When 
oxygen  and  nitrogen  gases  are  mixed  together  in  the  ratio  of  one  to 
four,  the  mixture  occupies  precisely  five  volumes,  and  has  every  pro- 
perty of  pure  atmospheric  air.  The  refractive  power  of  the  atmos- 
phere is  precisely  such  as  a  mixture  of  oxygen  and  nitrogen  gases 
ought  to  have ;  and  different  from  what  would  be  expected  were  its 
elements  chemically  united.    (Edinburgh  Journal  of  Science,  No.  8, 

page  211.) 

Since  tlie  elements  of  the  air  cannot  be  regarded  as  in  a  state  of 
actual  combination,  it  is  necessary  to  account  for  the  steadiness  of 
their  proportion  on  some  other  principle.  Chemists  are  divided  on 
this  subject  between  two  opinions.    It  is  conceived,  accovd\i\^V^^&& 


f 
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view,  that  the  affinity  of  oxygen  and  nitrogen  for  one  aooiher,  though 
insufficient  to  cause  their  combination  when  mixed  together  at  oidiBair 
temperatures,  may  still  operate  in  such  a  manner  as  to  prevent  thv 
separation ;  that  a  certain  degree  of  attraction  is  even  then  exerted  bt* 
tween  them,  which  is  able  to  counteract  the  tendency  of  gravity.  Am 
opinion  of  this  kind  was  advanced  by  Berthollet,  in  his  Statique  Cftni- 
iqucy  and  defended  by  the  late  Dr  Murray.  This  doctrine,  howevor,ii 
not  satisfactory.  It  is,  indeed,  quite  conceivable  that  oxygen  and  ni- 
trogen may  attract  each  other  in  the  way  supposed ;  and  it  may  beti* 
mitted  that  this  supposition  explains  why  these  two  gases  contimeii 
a  state  of  perfect  mixture.  But  still  the  explanation  is  unsatiiftcto- 
ry,  and  for  the  following  reason : — Mr  Dalton  took  two  cyliodiioi 
vessels,  one  of  which  was  filled  with  carbonic  acid,  the  otherwith  hy- 
drogen gas ;  the  latter  was  placed  perpendicularly  over  the  other,  iid 
a  communication  was  established  between  them.  In  the  course  of  i 
few  hours  hydrogen  was  detected  in  the  lower  vessel,  and  caibonic 
acid  in  the  upper.  If  the  upper  vessel  be  filled  with  oxygen,  nitro-  | 
gen,  or  any  other  gas,  the  same  phenomena  will  ensue ;  the  gases  will 
be  found,  after  a  short  interval,  to  be  in  a  state  of  mixture,  and  wifl  it 
last  be  distributed  equally  through  both  vessels.  Now  this  result 
cannot,  with  any  shadow  of  reason,  be  ascribed  to  the  action  of  affinity' 
It  is  well  known  that  carbonic  acid  cannot  be  made  to  unite  eilbei 
with  hydrogen,  oxyeen,  or  nitrogen  ;  and,  therefore,  it  is  quite  grttoi* 
tous  to  assert  that  it  lias  an  affinity  for  them.  Some  other  power  raort 
be  in  operation,  capable  of  producing  the  mixture  of  gases  with  one 
another,  independently  of  chemical  attraction  ;  and  if  this  power  can 
cause  carbonic  acid  to  ascend  through  a  gas  which  is  twenty«two 
times  lighter  than  itself,  it  will  surely  explain  why  oxygen  and  nitro- 
gen gases,  the  densities  of  which  differ  so  little,  should  mix  together  in 
the  atmosphere. 

The  explanation  which  Mr  Dalton  has  given*  of  these  phenomena, 
is  founded  on  the  assumption  that  the  particles  of.  one  gas,  though 
highly  repulsive  to  each  other,  do  not  repel  those  of  a  different  kind. 
It  follows  from  this  supposition,  that  one  gas  acts  as  a  vacuum  with 
respect  to  another ;  and,  therefore,  if  a  vessel  full  of  carbonic  acid  be 
made  to  communicate  with  another  of  hydrogen,  the  particles  of  etch 
gas  insinuate  themselves  between  the  particles  of  the  other,  till  they 
are  equally  diffused  through  both  vessels.  The  particles  of  the  car- 
bonic acid  do  not  indeed  fill  the  space  occupied  by  the  hydrogen  with 
the  same  velocity  as  if  it  were  a  real  vacuum  ;  because  the  particles  of 
the  hydrogen  afford  a  mechanical  impediment  to  their  progress.  The 
ultimate  effect,  however,  is  the  same  as  if  the  vesssel  of  hydrogen  had 
been  a  vacuum. 

Though  it  would  not  be  difficult  to  find  objections  to  this  hypothe- 
sis, it  has  the  merit  of  being  applicable  to  every  possible  case ;  which 
cannot,  I  conceive,  be  admitted  of  the  other.  It  accounts  not  only 
for  the  mixture  of  gases,  but  for  the  equable  diffusion  of  vapours  thiou^ 
gases,  and  through  each  other. 

There  is  still  one  circumstance  for  consideration  respecting  the  atmos- 
phere. Since  oxygen  is  necessary  to  combustion,  to  the  respiratioo  of 
animals,  and  to  various  other  natural  operations,  by  all  of  which  that 
gas  is  withdrawn  from  the  air,  it  is  obvious  that  its  quantity  would 
gradually  diminish,  unless  the  tendency  of  those  causes  was  counter- 
acted by  some  compensating  process.    To  all  appearance  then  does 
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vuMt  tome  MKiree  of  compeDsation ;  for  cbemiits  havo  not  hitherto 
DOticad  any  change  in  the  constitution  of  the  atmosphere.  The  only 
source  Irf  which  oxygen  is  Icnown  to  be  supplied,  is  by  the  action  of 

E owing  vegetables.  A  healthy  plant  absorbs  carbonic  acid  daring  the 
y,  appropriates  the  carbonaceous  part  of  that  gas  to  its  own  wants, 
Moid  evolves  the  oxygen  with  which  it  was  combined.  During  the 
nil^t,  indeed,  an  opposite  effect  is  produced.  Oxygen  gas  then  dis- 
Appeersy  and  carbonic  acid  is  eliminated  ;  but  it  follows  from  the  ex- 
pmmenta  of  Priestley  and  Davy,  that  plants  during  24  hours  yield  more 
oxygen  than  they  consume.  Whether  living  vegetables  make  a  full 
eompensation  for  the  oxygen  removed  from  the  air  by  the  processes 
obove  mentioned,  is  uncertain.    From  the  great  extent  of  the  atmos- 

eeie,  and  the  continual  agitation  to  which  its  different  parts  are  sub- 
it  \ry  the  action  of  winds,  the  effects  of  any  deteriorating  process 
would  be  very  gradual,  and  a  change  in  the  proportion  of  its  elements 
eoald  be  perceived  only  by  observations  made  at  very  distant  intervals. 

Compounds  of  Nitrogen  and  Oxygen. 

Chemists  are  acquainted  with  five  compounds  of  nitrogen  and  oxy- 

Sa,  the  composition  of  which,  as  deduced  from  the  researches  of 
y-Lussac,  Dr  Henry,  and  Sir  H.  Davy,  is  as  follows : 

By  Volume.  By  Weight, 

^trogen.  Oxygen,        ^trogen.        Oxygen, 

Nitrous  oxide        100 
Nitric  oxide  100 

Hyponitrous  acid  100 
Nitrous  acid  100 

Nitric  acid  100 

The  first  of  these,  as  containing  the  smallest  quantity  of  oxygen,  is 
regarded  as  a  compound  of  one  proportion,  or  according  to  the  atomic 
tlieory  of  one  atom,  of  each  element.  The  atomic  weight  of  nitrogen, 
that  of  oxygen  being  8,  will,  therefore,  be  14.  The  other  four  com- 
pomids  must  consequently  be  composed  of  one  atom  of  nitrogen, 
united  in  the  second  with  two,  in  the  third  with  three,  in  the  fourth 
with  four,  and  in  the  fifth  with  five,  atoms  of  oxygen. 

Protoxide  of  Nitrogen, 

This  gas  was  discovered  by  Priestley,  who  gave  it  the  name  of  dc- 
phlogUticated  nitrous  air.  Sir  H.  Davy  called  it  nitrous  oxide. 
According  to  the  principles  of  chemical  nomenclature,  its  proper  ap- 
pellation is  protoxide  of  nitrogen.  It  may  be  formed  by  exposing 
nitric  oxide  for  some  days  to  the  action  of  iron  filings,  or  other  sub- 
stances which  have  a  strong  affinity  for  oxygen.  The  nitric  oxide 
loses  one  half  of  its  oxygen,  and  is  converted  into  the  protoxide.  But 
the  most  convenient  method  of  procuring  it,  is  by  means  of  the  ni- 
trate of  ammonia.  When  this  salt  is  exposed  to  a  temperature  ot  400^ 
or  B00°  F.  it  liquefies,  bubbles  of  gas  begin  to  rise  from  it,  and  in  a 
short  time  brisk  effervescence  ensues,  which  continues  till  the  whole 
of  the  salt  disappears  The  nitrate  of  ammonia  should  be  contained 
in  a  glass  retort,  and  the  heat  applied  by  means  of  a  lamp  placed  at 
such  a  distance  below  it  as  to  maintain  a  moderately  rapid  evolution 
of  gas. 

The  sole  products  of  this  operation,  when  carefully  coudwcVeA 
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witer  and  the  protoxide  of  nitrogeii.    The  theeij  of  the  prace»  ii « 
foUows : — 
Nitrate  of  ammonia  is  composed  of 

Nitric  acid    64    one  proportion. 

Ammonia      17    one  proportion. 

71 
Nitric  acid  consists  of 

Nitrogen      14    one  proportion. 
Oxygen        40    five  proportions. 

64 
And  ammonia  of 

Nitrogen      14    one  proportion. 
Hydrogen      8    three  proportions. 

17 
By  the  action  of  heat  these  elements  arrange  themselTes  in  a  aew 
order.  The  hydrogen  talces  so  much  oxygen  as  is  sufficient  for  ibnsiif; 
water,  and  the  residual  oxygen  converts  the  nitrogen  both  of  Am  ni- 
tric acid  and  of  the  ammonia  into  the  protoxide  of  nitrogen.  Tbe 
decomposition  of  71  grains  of  the  salt  will  therefore  jrieid 

W.te,     ..  .  27.ortbreep,.    g,^„     H'Xttil 

Protoxide  of  Nitrogen    44.or.wop,.    [^^^f^       ^i\ZZ^. 

71 

The  protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not  affect 
the  blue  vegetable  colours,  even  when  mixed  with  atmospheric  air. 
Recently  boiled  water,  which  has  cooled  without  exposure  to  the  air, 
absorbs  nearly  its  own  bulk  of  it  at  60°  F,  and  gives  it  out  again  un* 
changed  by  boiling.  The  solution,  lilce  the  gas  itself,  has  a  fiuit 
odour  and  sweet  taste.  The  action  of  water  upon  it  afibrds  a  ready 
means  of  testing  its  purity,  removing  it  readily  from  all  other  gases, 
such  as  oxygen  and  nitrogen,  which  are  sparingly  absorbed  by  that  li- 
quid. For  the  same  reason  it  cannot  be  preserved  over  cold  water; 
but  should  be  collected  either  over  hot  water  or  mercury. 

The  protoxide  of  nitrogen  is  a  supporter  of  combustion.  Most  sub- 
stances burn  in  it  with  far  greater  energy  than  in  the  atmosphere. 
^ hen  a  recently  extinguished  candle. with  a  very  red  wick  iaintio- 
duced  into  it,  the  flame  is  instantly  restored.  Phosphorus,  if  previ- 
ously kindled,  bums  in  it  with  great  brilliancy.  Sulphur,  when  bon- 
ing feebly,  is  extinguished  by  it ;  but  if  it  is  immersed  while  the  cooi- 
hustion  is  lively,  the  size  of  the  flame  is  increased  considerably.  With 
an  equal  bulk  of  hydrogen  it  forms  a  mixture  which  explodes  violenllj 
by  the  electric  spark  or  by  flame.  In  all  these  cases  the  product  of 
combustion  is  the  same  as  when  oxygen  gas  or  atmospheric  air  isosed. 
The  protoxide  is  decomposed  ;  the  combustible  matter  unites  with  its 
oxygen,  and  the  nitrogen  is  set  free.  The  protoxide  of  nitrogen  suf- 
fers decomposition  when  a  succession  of  electric  sparks  is  pisnd 
through  it.  A  similar  effect  is  caused  by  conducting  it  through  a  po^ 
celain  tube  heated  to  incandescence,  it  is  resolved  in  both  instancfls, 
into  nitrogen,  oxygen,  and  nitrous  acid. 
Sir  H.  Davy  discovered*  thai  Ihe  v^otoxide  of  nitrogen  nay  be 
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ioto  ihe  lungs  with  safety,  ^pd  that  it  supports  respiration  for  a 
ioutes.  He  breathed  nine  quarts  of  it,  contained  in  a  silk  bag, 
ee  minutes,  and  twelve  quarts  for  rather  more  than  four ;  but  no 
ty  could  enable  him  to  bear  the  privation  of  atmospheric  air 
inger  period.  Its  action  on  the  system,  when  inspired.  Is  very 
lable.  A  few  deep  inspirations  are  followed  by  most  agreeable 
;8  of  excitement,  similar  to  the  early  stages  of  intoxication. 
I  shown  by  a  strong  propensity  to  laughter,  by  a  rapid  flow  of 
deas,  and  an  unusual  disposition  to  muscular  exertion.  These 
18,  however,  soon  subside,  and  the  person  returns  to  his  usual 
vithout  experiencing  the  languor  or  depression  which  so  univer- 
»llo ws  intoxication  £om  spirituous  liquors.  Its  effects,  however, 
erent  persons,  are  various ;  and  in  individuals  of  a  plethoric  habit, 
letimes  produces  giddiness,  headach,  and  other  disagreeable 
joms. 

I  protoxide  of  nitrogen  was  analjrzed  by  Sir  H.  Davy  by  means 
drogen  gas.  He  mixed  39  measures  of  the  former  with  40 
ires  of  hydrogen,  and  fired  the  mixture  by  the  electric  spark, 
was  formed,  and  the  residual  gas,  which  amounted  to  41 
ines,  had  the  properties  of  pure  nitrogen.  As  40  measures  of 
j^n  require  20  of  oxygen  for  combustion,  it  follows  that  39 
es  of  the  protoxide  of  nitrogen  contain  41  of  nitrogen  and  20  of 
Q.  But  since  no  exception  has  hitherto  been  found  to  Gay- 
;'s  law  of  gaseous  combination,  it  may  be  inferred  that  the  pro- 
of nitrogen  contains  its  own  bulk  of  nitrogen  and  half  its  volume 
^gen.  The  recent,  analysis  of  this  compound  by  Dr  Henry, 
Js  of  Phil.  viii.  299,  N.S.)  performed  by  means  of  carbonic 
gas,  has  proved  beyond  a  doubt  that  this  is  the  exact  proportion. 

100  cubic  inches  of  nitrogen  weigh  29.652  grains. 
60  do         oxygen  16.944 

i  numbers  added  together  amount  to    46.596 
I  must  be  the  weight  of  100  cubic  Inches  of  the  protoxide ;  and 
»cific  gravity  is,  therefore,  1.6277.    Its  composition  by  weight  is 
nined  by  the  same  data,  being  16.944  of  oxygen  to  29.662  of  ni- 
I,  or  as  8  to  14.    Its  atomic  weight  is,  of  course,  8+14,  or  22. 

Deutaxide  of  Nitrogen, 

i  deutoxide  of  nitrogen  is  best  obtained  by  the  action  of  nitric 
)f  specific  gravity  1.2,  on  metallic  copper.  Brisk  effervescence 
place,  witlMut  the  aid  of  heat,  and  the  gas  may  be  collected  over 
or  mercury.  The  copper  gradually  disappears  during  the  pro- 
the  liquid  acquires  a  beautiful  blue  colour,  and  yields  on  evapora- 
flit  which  is  composed  of  nitric  acid  and  peroxide  of  copper. 
hemical  changes  that  occur  are  the  following. — One  portion  of 
acid  suffers  deoomposition.  Part  of  its  oxygen  unites  with  the 
r,  and  converts  it  into  the' peroxide;  while  another  part  is  re- 
1  by  the  nitrogen  of  the  nitic  acid,  forming  the  deutoxide  of  ni- 
I.  The  peroidde  of  copper  attaches  itself  to  some  undecompos- 
:iic  acid,  and  forms  the  blue  nitrate  of  copper.  Many  other 
I  are  oxidized  by  nitric  acid,  with  ihe  disengagement  of  a 
r  compound ;  but  none,  mercury  excepted,  yields  so  pure  a  gas 
>per. 

f  gas  derived  from  this  source  was  discovered  bv  Di  H^Veft,    \\. 
r»t  carefaUy  Biudied  by  Pn^tley^  who  called  it  nUroua  air. 
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The  terms  nitrous  etu,  and  nitric  oxide,  are  frequently  appKed  to  it; 
but  the  deutoxide  of  nitrogen,  as  indicative  of  its  nature,  is  the  most 
suitable  appellation. 

The  deutoxide  of  nitrogen  is  a  colourless  gas.  When  mixed  with 
atmospheric  air,  or  any  gaseous  mixture  that  contains  oxygen  into 
uncombined  state,  dense,  suffocating,  acid  vapours,  of  a  red  or  omun 
colour  are  produced,  called  nitrous  acid  vapours ;  which  are  coplouHf 
absorbed  by  water,  and  communicate  acidity  to  it.  The  deutoiide 
may  be  distinguished  by  this  character  from  every  other  substanei, 
and  for  the  same  reason  affords  a  convenient  test  of  the  presence  of 
free  oxygen.  Though  it  gives  rise  to  an  acid  by  combining  with  oif" 
gen,  the  deutoxide  of  nitrogen  itself  does  not  redden  the  bine  eokior 
of  vegetables ;  but  for  this  experiment,  the  gas  must  be  well  wadwd 
with  water  to  separate  all  traces  of  nitrous  acid.  Water  absorbs  die 
deutoxide  sparingly ; — 100  measures  of  that  liquid,  cold  and  reeentff 
boiled,  take  up  about  11  of  the  gas. 

Very  few  inflammable  substances  bum  in  the  deutoxide  of  nitrogsB* 
Burning  sulphur,  and  a  lighted  candle  are  instantly  extinguished  t^  it. 
Charcoal  and  phosphorus,  however,  if  in  a  state  of  vivid  comboraoB 
at  the  moment  of  being  immersed  in  it,  burn  with  inereased  brilliuicy. 
The  product  of  the  combustion  is  carbonic  acid  hi  the  first  case,  ind 
phosphoric  acid  in  the  second,  nitrogen  being  separated  in  both  in- 
stances. With  an  equal  bulk  of  hydrogen,  it  forms  a  mixture  wUcfa 
cannot  be  made  to  explode,  but  which  is  kindled  by  contact  with  a 
lighted  candle,  and  burns  rapidly  with  a  greenish-white  flame.  Water 
and  pure  nitrogen  are  the  products. 

The  deutoxide  of  nitrogen  i?  quite  irrespirable,  exciting  a  strong 
spasm  of  the  glottis,  as  soon  as  an  attempt  is  made  to  inhale  it.  The 
experiment,  however,  is  a  dangerous  one ;  for  if  the  gas  did  reach  the 
lungs,  it  would  there  mix  with  atmospheric  air,  and  be  converted  into 
nitrous  acid  vapours,  which  are  highly  irritating  and  corrosive. 

The  deutoxide  of  nitrogen  is  partially  resolved  into  its  elements  by 
being  passed  through  red-hot  tubes.  A  succession  of  electric  sparks 
has  a  similar  effect.  It  is  converted  into  the  protoxide  of  nitrogen  by 
substances  which  have  a  strong  affinity  for  oxygen;  such  as  iron 
filings,  and  the  alkaline  sulphurets.  Its  composition  was  ascertafated 
by  Sir  H.  Davy  by  the  combustion  of  charcoal.  Two  volumes  of  the 
deutoxide  yielded  one  volume  of  nitrogen,  and  about  one  of  carbonic 
acid*;  whence  it  was  inferred  to  consist  of  equal  measures  of  oxygen 
and  nitrogen  gases  united  without  any  condensation.  Gay-Lussae 
proved  in  his  essay  in  the  Memoires  d'  Areueil,  that  this  proportkA 
is  rigidly  exact.  He  decomposed  100  measures  of  the  gas,  by  heat- 
ing potassium  in  it ;  50  measures  of  pure  nitrogen  were  left,  and  the 
loss  of  weight  corresponded  to  50  measures  of  oxygen.  The  suae 
fact  has  been  lately  proved  by  Dr  Henry  in  the  paper  already  referred 
to.  From  these  data,  its  composition  by  weight,  and  its  specifie 
gravity,  may  be  determined  by  a  simple  calculation  :— 

50  cubic  inches  of  oxygen  weigh  16.944  grains. 
50        .        .  nitrogen  14.826 

31.770 

Hence  100  cubic  inches  of  the  deutoxide  of  nitrogen,  at  the  mein 

temperature  and  pressure,  weigh  31.77  grains ;  and  its  specific  gravity 

is,  therefore,  1.0416.    This  is  nearly  the  mean  density  of  the  deutox- 

ide,  as  defermined  directly  by  Davy,  Thomson,  and  B^rard,  which 
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confiims  Oie  accaracy  of  the  data  on  which  the  ealeidation  is  fouDded. 
The  elements  of  the  deutozide  are  obviously  in  the  ratio,  by  weight* 
of  14  of  nitrogen  to  16  of  oxygen;  that  is,  one  proportion  of  the  tirst 
to  two  of  the  second.  An  equivalent  of  the  compound  is,  therefore. 
14+16«=80. 

From  the  invariable  formation  of  the  red  coloured  acid  vapours » 
wlieneTer  the  deutozide  of  nitrogen  and  oxygen  are  mixed  together, 
thefle  gases  detect  the  presence  of  each  ot&r  with  great  certainty ; 
and  nnce  the  product  is  wholly  absorbed  by  water,  one  may  be  en- 
tk«4y  removed  from  any  gaseous  mixture,  by  adding  a  sufficient 
quantity  of  the  other.    Priestley,  who  first  observed  Uiis  fact,  sup- 
poaed  that  combination  takes  place  between  them  in  one  proportion 
only ;  and  inferring  on  tins  supposition,  Uiat  a  given  absorption  would 
always  indicate  the  same  quantity  of  oxygen,  he  was  led  to  employ 
the  deutoxide  of  nitrogen  in  eudiometiy.    But  in  this  opinion  he  was 
mistaken.    The  discordant  results  that  were  obtained  by  his  method 
aoon  excited  suspicion  of  its  accuracy ;  and  the  source  oi  error  has 
since  beien  discovered  by  the  researches  of  Dalton  and  Gay-Lussac. 
It  appears  from  the  experiments  of  Gay-Lussac,  and  his  results  do  not 
diffisr  materially  from  those  of  Mr  Dalton,  that  for  100  measures  of 
oxygen,  400  of  the  deutoxide  may  be  absorbed  as  a  maximum,  and 
138  as  a  minimum ;  and  that  between  these  extremes,  the  quantity  of 
the  deutoxide  corresponding  to  100  of  oxygen,  is  exceedingly  variable. 
It  does  net  follow  from  this,  that  oxyeen  and  the  deutoxide  of  nitro- 
gen can  unite  in  every  proportion  witain  these  limits.    The  true  ex- 
planation is,  that  the  mixture  of  these  gases  may  give  rise  to  three 
compounds,  the  hypouitrous,  nitrous,  and  nitric  acids ;  and  that  either 
may  be  formed  almost,  if  not  entirely,  to  the  exclusion  of  the  others, 
if  certain  precautions  are  adopted.    But  io  the  usual  mode  of  operat- 
ing, two  if  not  all  are  generated  at  the  same  time,  and  in  a  proportion 
to  one  another  which  is  by  no  means  uniform.    The  circumstances 
that  influence  the  degree  of  absorption,  when  a  mixture  of  oxygen 
and  the  deutoxide  of  nitrogen  is  made  over  water,  are  the  following  : 
— 1,  The  diameter  of  the  tube;  2,  The  rapidity  with  which  the  mix- 
ture is  made ;  3,  The  relative  proportion  of  the  two  gases ;  4,  The 
time  allowed  to  elapse  after  mixing  them ;  5,  Agitation  of  the  tube ; 
and  lastly.  The  opposite  conditions  of  adding  the  oxygen  to  the  deu- 
toxide, or  the  deutoxide  to  the  oxygen. 

Notwithstanding  these  many  sources  of  error,  Dalton  and  Gay-Lus- 
sac maintain  that  the  deutoxide  of  nitrogen  may  nevertheless  be  em- 
ployed in  eudiometry ;  and  they  have  described  the  precautions  which 
are  required  to  ensure  accuracy.  Mr  Dalton  has  given  his  process  in 
the  10th  volume  of  the  Annals  of  Philosophy,  page  38 ;  and  further 
directions  have  been  published  by  Dr  Henry  in  his  Elements.  The 
method  of  Gay-Lussac,  to  which  my  own  observation  would  lead  roe 
to  give  the  preference,  may  be  found  in  the  2d  volume,  page  247,  of 
the  Memoires  iVJlrcueil.  Instead  of  employing  a  narrow  tube,  such 
as  is  commonly  used  for  measuring  gases,  Gay-Lussac  advises  that 
100  measures  of  air  should  be  introduced  into  a  very  wide  tube  or  jar, 
and  that  an  equal  volume  of  the  deutoxide  of  nitrogen  should  then  be 
added.  The  red  vapours,  which  are  instantly  produced,  disappear  very 
quickly,  and  the  absorption  after  half  a  minute,  or  a  minute  at  the  most, 
may  be  regarded  as  complete.  The  residue  is  then  passed  into  a  gra- 
duated tube  and  measured.  The  diminution  almost  always,  according  to 
Gay-Lussac,  amounts  to  84  measures,  one-fourth  of  which  is  oxygen*. 


Od  the  BupposiUoD,  in  this  experiment,  that  the  oxy^^eik 
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(Hy-LuiMc  has  applied  thU  process  to  the  analyiis  of  Tarioiis  miied 
gases,  in  which  the  oxygen  was  sometimes  in  a  greater,  at  others  in  • 
less  proportion  than  in  the  atmosphere,  and  the  indications  were 
always  correct.  When  the  proportion  of  oxygen  is  great,  a  piepoi^ 
tioDably  large  quantity  of  the  deutoxide  must  of  course  be  emplojed, 
in  order  that  an  excess  of  it  might  be  present. 

There  is  another  mode  of  absorbing  oxygen  by  means  of  the  doh 
toxide  of  nitrogen.  If  a  current  of  the  deutoxide  be  condncted  inisa 
solution  of  the  protosulphate  of  iron,  the  gas  is  absorbed  hi  hm 
quantity,  and  the  solution  acquires  a  deep  olive-brown  colour,  wlua 
appears  almost  black  when  fully  saturated.  This  solution  absorbs  oiy* 
gen  with  facility^  But  it  candot  be  safely  employed  in  eudlometiy; 
because  the  absoirption  of  oxygen  is  accompanied,  or  at  least  veiy  not 
followed,  by  an  evolution  of  gas  from  the  liquid  itself. . 

Sir  H.  Davy  ascertained  that  the  deutoxide  of  nitrogen  is  disselni 
directly  by  the  solution  of  iron.  In  the  cold,  without  deSeompositioa; 
and  that  when  the  solution  is  heated,  the  greater  part  of  the  gn  ii 
disengaged,  and  the  remainder  decomposed.  The  decompoiilioa  ii 
determined  chiefly  by  the  affinity  of  the  protoxide  of  iron  for  oxjgat 
gas.  The  protoxide  of  iron  decomposes  a  portion  of  water  and  of  ths 
deutoxide  of  nitrogen  at  the  same  time,  and  unites  with  the  oxygen  of 
both ;  while  the  hydrogen  of  the  water,  and  the  nitrogen  of  the  dent- 
oxide  combine  together,  and  generate  ammonia.  Nitric  add  ii 
forfned  when  the  solution  is  exposed  to  the  air  or  oxygen  gas,  bat 
not  otherwise. 

Hyponitrous  Acid, 

On  adding  an  excess  of  deutoxide  of  nitrogen  to  oxygen  gas,  cod- 
fined  in  a  glass  tube  over  mercury,  Gay-Lussac  observed  that  the  ab- 
sorption is  always  uniform,  provided  a  strong  solution  of  pure  potaasi 
is  put  into  the  tube  before  mixing  the  two  gases.    He  found  that  100 


oxide  of  nitrogen  unite  in  the  proportions  to  form  nitrous  acid,  one- 
third,  and  not  one-fourth,  of  the  diminution  ought  to  be  due  to  oxy- 
gen ;  for  nitrous  acid  is  composed  of  one  volume  of  oxygen  and  two 
volumes  of  deutoxide  of  nitrogen.  It  may  be  asked,  therefore,  what  are 
the  real  products  of  the  experiment ;  as,  in  point  of  fact,  one-fourth 
of  the  gaseous  matter  which  disappears  is  due  to  oxygen  ?  The  lite 
Dr  Dana  ingeniously  reconciled  this  result  with  the  theory  of  vohimes, 
by  supposing  that  two-thirds  of  the  deutoxide  of  nitrogen  become  hy- 
ponitrous acid,  and  one-third,  nitrous  acid.  Thus  supposing  six 
volumes  of  the  deutoxide  to  be  mixed  with  a  sufficient  quantity  of 
oxygen,  four  volumes  are  assumed  to  be  converted  into  hjrponitrous 
acid,  by  combining  with  one  volume  of  oxygen,  and  the  remaiDiog 
two,  into  nitrous  acid  by  uniting  with  the  same  quantity  of  oxygen. 
In  this  manner  six  volumes  of  deutoxide  and  two  volumes  of  oxygen, 
io  all  eight  volumes,  will  disappear,  being  condensed,  as  above 
explained,  into  hyponitrous  acid  and  nitrous  acid.  Now  of  these 
eight  volumes,  it  is  apparent  that  two  volumes,  or  one-fourth,  aie 
oxygen. 

when  this  experiment   is  performed    with  certain    precatttioos, 

nitrons  acid  is  the  sole  product,  and  the  formula  for  calculatiDg  the 

quuitity  of  oxygen,  is  of  course  to  divide  the  deficit  by  three.    I M 

toe  pleasure  of  seeing  this  proved  expe\\fIv^IiVt^V3  <i<)Tk««^«tAlQceaiionSj 

by  Dr  Hare  of  the  UnlveisUy  ol  Penns^Vrwix^,   Ii, 
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tafores  of  oxygen  cas  combine  under  these  cireamstances  with 
I)  of  the  deutoxide,  forming  an  acid  which  unites  with  the  potassa. 
e  compound  so  formed  is  the  hyponitrous  acid,  the  composition  of 
lich  may  be  easily  inferred  from  the  proportions  just  mentioned. 
f  as  the  deutoxide  of  nitrogen  contains  half  its  volume  of  oxygen 
I,  the  new  acid  must  be  composed  of  200  measures  of  nitrogen  to 
>  of  oxygen,  or  of  100  to  150.  It  contains,  therefore,  three  times  as 
ch  oxygen  as  the  protoxide  of  nitrogen ;  so  that,  by  weight,  it  is 
ned  of 

Nitrogen        14        one  proportion. 

Oxygen  24        three  proportions. 

1  its  proportional  number  is  38. 

knother  method  of  forming  the  hyponitrous  acid  is  by  keeping  the 
itoxide  of  nitrogen  for  three  months  in  a  glass  tube  over  mereory, 
contact  with  a  concentrated  solution  of  pure  potassa.  The  deutox- 
is  resolved  into  hyponitrous  acid,  which  unites  with  the  potassa, 
i  into  the  protoxide  of  nitrogen  which  remains  in  the  tube. 
rhe  hyponitrous  acid  has  not  hitherto  been  obtained  in  a  free  state. 
len  an  acid  is  added  to  the  hyponitrite  of  potassa,  the  hyponitrous 
d.  Instead  of  being  dissolved  by  the  water  of  the  solution,  suffers 
imposition,  and  is  converted,  according  to  Gray-Lussac,  into  ni- 
ls acid,  and  the  deutoxide  of  nitrogen. 

Nitrous  Acid. 

^o  form  pure  nitrous  acid  by  the  mixture  of  oxygen  gas  with  the 
toxide  of  nitrogen,  the  operation  must  not  be  conducted  over  water 
mercury.  The  presence  of  the  former  determines  the  production 
litric  acid  ;  the  latter  is  oxidized  by  the  nitrous  acid,  and  therefore 
omposes  it.  Sir  H.  Davy  made  this  compound  by  mixing  two 
isures  of  the  deutoxide  of  nitrogen  and  one  of  oxygen,  free  from 
isture,  in  a  dry  glass  vessel,  previously  exhausted  by  the  air-pump, 
ements,  p.  261.)  Nitrous  acid  vapours  were  produced,  and  a  con- 
tion  ensued,  amounting  to  about  one-half  the  volume  of  the  mix- 
gases.  The  experiments  of  Gay-Lussac  (An.  de  Ch.  et  de  Ph. 
i.)  were  similar  in  principle.  He  agrees  with  Sir  H.  Davy  as  to 
proportion  of  the  two  gases,  but  is  of  opinion  that  they  condense, 
niting,  to  l-3d  of  their  original  volume.  The  conclusions  of  those 
nista  respecting  the  composition  of  nitrous  acid  have  been  con- 
ed by  the  researches  of  Dulong.  [An.  de  Ch.  et  de  Ph.  vol.  ii.) 
I  composed  therefore  of 

By  Volume,         By  Weight 
Nitrogen  100  14    or  one  equivalent. 

Oxygeif*  200  32    or  four  equivalents. 

its  combining  proportion  is  32-hl4=46. 

lie  nitrous  acid  vapour  is  characterized  by  its  orange-red  colour. 
I  quite  irrespirable,  exciting  great  irritation  and  spasm  of  the  glot- 
even  when  moderately  diluted  with  air.    A  taper  bums  in  it  with 
siderable  brilliancy.    It  extinguishes  burning  sulphur ;  but  the  com- 
tion  of  phosphorus  continues  in  it  with  great  vividness. 
[itrous  acid  may  exist  in  the  liquid  as  well  as  in  the  gaseous  form. 
i  liquid  acid  is  most  conveniently  prepared  by  exposing  the  crys- 
sed  nitrate  of  lead,  carefully  dried,  to  a  low  red  heat.    The  nitric 
i  of  the  salt  is  by  this  means  resolved  into  nitrous  acid  ^nd  ox^^«Ci, 
if  the  productg  are  received  in  vessels  kept  modemleVy  coo\,  V^fe 
\terpart  of  the  former  is  condensed  into  a  liquid.    TVila  %u\)«V%xiw 
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was  first  obtained  by  Gay-Lussac,  who  regarded  it  as  hyponitrmu 
add,  and  described  it  as  such  in  the  essay  above  referred  to ;  bat  li 
Dulong  has  proved,  by  a  careful  analysis,  that  it  is  in  reality  anhy- 
drous nitrous  acid.  Dulong  procured  it  by  mixing  the  deutoxide  of 
nitrogen  and  oxygen  gases  in  the  ratio  of  2  to  1,  and  exposing  the  ni- 
trous acid  vapours  to  a  low  temperature. 

The  liquid  anhydrous  acid  has  the  following  properties. — It  is  pow- 
erfully corrosive,  has  a  strong  acid  taste  and  pungent  odour,  and  is  of 
a  yellowish-orange  colour.  Its  density  is  1.451.  It  preserves  thali> 
quid  form  at  the  ordinary  temperature  and  pressure,  and  boils  at  8S"Ft 
Exposed  to  the  atmosphere,  it  evaporates  with  great  rapidity,  formlif 
the  common  nitrous  acid  vapours,  which,  when  once  niixed  with  airor 
other  gases,  require  intense  cold  for  condensation. 

The  action  of  water  on  the  anhydrous  nitrous  acid  is  very  remaiki- 
ble.  On  mixing  it  with  a  large  quantity  of  water,  it  is  instantly  !»• 
solved  into  nitric  acid  and  the  deutoxide  of  nitroeen ;  the  former  unilM 
with  the  water,  making  a  colourless  solution,  while  the  greater  part  of 
the  latter  escapes  in  the  form  of  gas.  When  nitrous  acid  is  added  to 
a  very  small  quantity  of  water,  none  of  the  deutoxide  is  disen- 
gaged ;  and  a  green  coloured  liquid  is  produced.  If  instead  of  em* 
ploying  a  very  large  or  a  very  small  proportion  of  water,  the  anhy- 
drous acid  be  dropped  into  a  moderate  quantity  of  that  fluid,  the  du- 
engagement  of  the  deutoxide  of  nitrogen,  at  first  considerable,  become! 
less  and  less  at  each  addition  of  the  acid,  till  at  last  the  evolution  of 
gas  ceases  altogether.  The  colour  of  the  solution  varies  consider- 
ably during  the  experiment.  From  being  quite  colourless,  the  liquid 
acquires  a  greenish-blue  tinge,  thence  passes  into  green  of  varioos 
depths  of  shade,  and  at  length  becomes  of  a  yellowish-orange,— -the 
colour  of  nitrous  acid  itself. 

These  changes  are  of  a  complicated  nature,  and  may  be  accounted 
for  in  different  ways.  The  following  explanation  appears  to  me  meet 
consistent  with  the  phenomena,  though  I  by  no  means  insist  on  'Vs 
accuracy.  It  is  founded  on  the  supposition,  or  rather,  as  I  con- 
ceive, upon  the  fact,  that  the  nitrous  and  hyponitrous  acids  cannot  ex- 
ist alone  in  water,  but  are  always  decomposed  by  that  fluid  in  conse- 
quence of  its  affinity  for  nitric  acid.  When  a  drop  of  nitrous  acid  is 
added  to  a  very  small  quantity  of  water,  it  is  resolved  into  nitric  ind 
hyponitrous  acids,  the  latter  being  protected  from  decomposition  by 
the  former  having  combined  with  the  water.  The  hyponitrous  add 
is  therefore  mixed  with  the  solution  of  nitric  acid,  or  is  perhaps cheiB- 
ically  united  with  it.  On  adding  a  second  portion  of  nitrous  acid,  thit 
acid  is  protected  from  decomposition  by  the  same  circumstance  which 
preserves  the  hyponitrous;  and,  consequently,  it  remains  in  a  state  of 
mixture  or  combination  with  the  two  other  acids.  If  the  anhydroas 
nitrous  acid  be  mixed  with  a  large  quantity  of  water,  it  is  converted 
into  nitric  acid  and  the  deutoxide  of  nitrogen  ;  and  every  succenire 
addition  experiences  a  similar  change,  till  the  water  has  become  suffi- 
ciently charged  with  nitric  acid  to  enable  the  hyponitrous  to  exist  ifl 
it.  The  subsequent  additions  of  nitrous  acid  will  then  l>e  converted 
into  nitric  and  hyponitrous  acids,  until  the  affinity  of  the  water  for  ai- 
tric  acid  is  so  far  satisfied  that  it  can  no  longer  decompose  the  ni- 
trous acid. 

The  changes  which  are  produced  in  the  anhydrous  nitrous  acid  by 

adding  successive  portions  of  water,  may  be  anticipated  from  whit 

precedes.    It  is  resolved  into  nitric  and  hyponitrous  acids,  and  into 

Dkric  acid  and  the  deutoxide  oi  \i\\xKi%^\!k\vsA  NqVuauthe  dilutioa  is 

considerable,  the  greater  pail,  U  uoVtSiieNvYksA^^Ql^^V^^tn^anvk^A. 
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will  likewise  be  decomposed.  The  colour  of  the  fluid  at  different  pe- 
riods of  the  process  is  attributed  to  the  quantity  of  nitrous  acid  which 
is  dissolved,  and  the  degree  of  its  dilution.  It  is  difficult  however  to 
perceive  how  an  orange  coloured  liquid  should  give  different  shades 
of  green  and  blue  merely  by  being  diluted.  May  not  the  blue  be  caus- 
ed by  the  hyponitrous  acid,  the  different  shades  of  green  by  mixtures 
of  the  hyponitrous  and  nitrous  acids,  and  the  yellow  and  orange 
by  the  preponderance  of  the  latter  ?  Some  observations  of  M.  Du- 
long  seem  to  justify  this  idea,  and  it  is  supported  by  the  action  of  the 
deutozide  of  nitrogen  on  nitric  acid. 

Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  oxygen  to 
the  more  oxidable  metals,  and  to  most  substances  which  have  a  strong 
afi^ity  for  it.  The  nitrous  acid  is  of  course  decomposed  at  the  same 
time ;  pure  nitrogen  and  the  protoxide  of  nitrogen,  are  sometimes 
evolved,  but  most  commonly  it  is  converted  into  the  deutoxide.  When 
transmitted  through  red-hot  porcelain  tubes,  it  suffers  decomposition, 
and  a  mixture  of  oxygen  and  nitrogen  gases  is  obtained. 

JVitricAdd, 

If  a  succession  of  electric  sparks  be  passed  through  a  mixture  of  oxy- 
gen and  nitrogen  gases  confined  in  a  glass  tube  over  mercury,  a  little 
water  being  present,  the  volume  of  the  gases  will  gradually  diminish, 
and  the  water  after  a  time  will  be  found  to  have  acquired  acid  proper- 
ties. On  neutralizing  the  solution  with  potassa,  or  what  is  better,  by 
putting  a  solution  of  pure  potassa  instead  of  water  into  the  tube  at 
the  beginning  of  the  experiment,  a  salt  is  obtained  which  possesses  all 
the  properties  of  nitrate  of  potassa.  This  experiment  was  performed 
in  1786  by  Mr.  Cavendish,  who  inferred  from  it  that  nitric  acid  is  com- 
posed of  oxygen  and  nitrogen.  The  best  proportion  of  the  gases  was 
ibund  to  be  seven  of  oxygen  to  three  of  nitrogen  ;  but  as  some  nitrous 
acid  is  always  formed  during  the  process,  the  exact  composition  of  ni- 
tric acid  cannot  be  determined  in  this  way. 

Nitric  acid  may  be  formed  much  more  conveniently  by  adding  the 
deutoxide  of  nitrogen  slowly  over  water  to  an  excess  of  oxygen  gas. 
Gay-Lussac  proved  that  the  nitric  acid  may  in  this  manner  be  obtained 
qdlte  free  from  the  nitrous  or  hyponitrous  acids  ;  and  that  it  is  com- 
posed of  100  measures  of  nitrogen,  and  250  of  oxygen.  This  result 
res  with  the  proportion  which  Sir  H.  Davy  has  deduced  from  his 
rrations ;  and  it  is  confirmed  by  an  analysis  of  the  nitrate  of  ba- 
tyta  recently  made  by  Dr  Henry.  Nitric  acid  is,  therefore, composed  of 

By  Volume,  By  Weight, 

Nitr«gen  100  14    one  equivalent 

Oxygen  250  40    five  equivalents 

and  Its  combining  proportion  or  equivalent  is  54. 

Nitric  acid  cannot  exist  in  an  insulated  state.  The  deutoxide  of 
nitrogen  and  oxygen  gases  never  form  nitric  acid  if  mixed  together 
when  quite  dry  ;  and  nitrous  acid  vapour  may  be  kept  in  contact  with 
oxygen  gas  without  change,  provided  no  water  is  present.  The  most 
simple  form  under  which  chemists  have  hitherto  procured  nitric  acid 
is  In  solution  with  water;  a.liquid  which,  in  its  concentrated  state,  is 
the  nitric  acid  of  the  pharm'acopoeia.  By  manufacturers  it  is  better 
known  by  the  name  of  aquafortis. 

The  nitric  acid  of  commerce  is  procured  by  decomposVng  some  siW 
of  nitric  Mcid  by  meaas  of  concentrated  sulphuric  acid  *,  9ii\d  coxsviaou 
nitre,  mm  the  cheapoBt  of  the  nitrsites,  ia  always  employed  tot  V\ie  V^^" 
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Nitric  acid  acts  powerfully  oo  tubstancet  which  ar«  di« 
unite  with  oxygen ;  and  hence  it  is  much  employed  by  ch( 
bcingtng  bodies  to  their  maximum  of  oxidation.  Nearly 
metals  are  oxidized  by  it ;  and  some  of  them,  such  as  tin,  coi 
mercury,  are  attacked  with  great  violence.  If  flung  on 
charcoal,  it  increases  the  brilliancy  of  its  combustion  in  a  big 
Sulphur  and  phosphorus  are  converted  into  acids  by  its  ad 
vegetable  substances  are  decomposed  by  it.  In  general  th( 
of  the  nitric  acid  enters  into  direct  combination  'with  the 
and  carbon  of  those  compounds,  forming  water  with  the 
carbonic  acid  with  the  second.  This  happens  remarkably 
compounds  in  which  hydrogen  and  carbon  are  predominant 
cohol  and  the  oils.  It  effects  the  decomposition  of  anima 
also.  The  cuticle  and  nails  receive  a  permanent  yellow  st 
touched  with  it ;  and  if  applied  to  the  skin  in  sufficient  qt 
acts  as  a  powerful  cautery,  destroying  the  organization  of 
entirely. 

When  oxidation  is  effected  through  the  medium  of  nitric 
acid  itself  Is  commonly  converted  into  the  deutoxide  of 
This  gas  is  sometimes  given  off  nearly  quite  pure ;  bu(  i 
some  nitrous  acid,  protoxide  of  nitrogen,  or  pure  nitrogen 
gaged  at  the  same  time.  The  direct  solar  light  deoxidizes  n 
resolving  a  portion  of  it  into  oxygen  and  nitrous  acid.  Tl 
separates ;  the  latter  is  absorbed  by  the  nitric  acid,  and  t 
into  the  mixed  nitrous  acid  of  the  shops.  When  the 
nitric  acid  is  transmitted  through  red-hot  porcelain  tubes, 
complete  decomposition,  and  a  mixture  of  oxygen  and  nitrof 
is  the  product. 

Nitric  acid  may  also  be  deoxidized  by  passing  a  currei 
deutoxide  of  nitrogen  through  it.  That  gas,  by  taking  oxi 
the  nitric  acid,  is  converted  into  nitrous  acid  ;  and  a  portioc 
acid,  by  losing  oxygen,  passes  into  the  same  compound.  T 
acid,  thus  derived,  from  two  sources,  gives  a  colour  to  the  t 
the  depth  and  kind  of  which  depend  upon  the  quantity  of  tb 
ide  of  nitrogen  which  has  been  employed.  The  first  portioi 
nicates  a  pale  straw  colour,  which  gradually  deepens  as  the  i 
ef  the  deutoxide  continues,  till  the  nitric  acid  has  acquii 
orange  hue,  together  with  all  the  characters  of  strong  fumii 
acid.  But  the  solution  still  continues  to  absorb  the  deuto: 
in  doing  so,  its  colour  passes  through  different  shades  of 
green,  till  it  becomes  greenish-blue.  By  applying  heat  t 
liquid,  the  deutoxide  of  nitrogen  is  evolved  ;  and  in  propo 
escapes,  the  colour  of  the  solution  changes  to  green,  oliv 
and  yellow,  at  length  becoming  pale  as  at  first.  Nitrous  aci 
are  likewise  disengaged  as  well  as  the  deutoxide.  These  pi 
are  very  favourable  to  the  view  that  the  conversion  of  the  c 
lour  into  olive,  green,  and  blue,  is  owing  to  the  formation  c 
trous  acid. 

All  the  salts  of  nitric  acid  are  soluble  in  water,  and  the 
impossible,  to  precipitate  that  acid  by  any  reagent.  The 
of  nitric  acid,  when  uncombined,  is  readily  detected  by  its  ( 
tion  on  copper  and  mercury,  and  by  its  forming  with  potassi 
salt,  which  crystallizes  in  prisms,  and  which  has  all  the  pn 
nitre.  Gold  leaf  is  a  still  more  delicate  test.  When  muria 
added  to  the  solution  of  a  nitrate,  chlorine  is  disengaged,  t 
quid  hence  acquires  the  propeTly  ol  A\s%oW\ii^  ^«(i\,d.  \ftaf  • 
BctioD  of  muriatic  acid  on  lYie  aa\\s  oi  cYAouc  «si^\»\Q\ii\i&  v^ 
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•okitioD  capable  of  dissolving  gold,  do  iofereoce  can  be 
om  the  experiment,  except  the.  absence  of  these  acids  has 
viously  demonstrated.  A  new  test  of  the  presence  of  nitric 
recently  been  proposed  by  Dr  Liebig.  The  liquid  to  be  ex- 
oust  be  mixed  with  a  sufficient  quantity  of  a  solution  of  indi- 
phuric  acid  for  acquirinsr  a  distinct  blue  colour;  a  few  drops 
iric  acid  must  be  then  added,  and  the  mixture  boiled.  If  a  nitrate 
t,  the  liquid  will  be  bleached,  or,  if  the  quantityis  very  small, 

yellow.  By  this  process  nitric  acid  may  be  detected,  though 
nth  400  times  its  weight  of  water ;  or  by  adding  a  little  muri- 
ida  to  the  liquid  before  applying  heat,  1- 600th  part  of  nitric 
'  be  discovered.    (Quarterly  Journal  of  Science  for  July  1827, 


SECTION  VI. 

wood  is  heated  to  a  certain  degree  in  the  open  air,  it  takes 
burns  with  the  formation  of  water  and  carbonic  acid  gas,  till 
le  of  it  is  consumed.  A  small  portion  of  ashes,  consisting 
Ikaline  and  earthy  matters  which  had  formed  a  part  of  the 
the  iK)le  residue.  But  if  the  wood  be  heated  to  redness  in 
issels,  so  that  the  atmospheric  air  cannot  have  free  access 
irge  quantity  of  gaseous  and  other  volatile  matters  is  expel- 
a  black,  hard,  porous  substance  is  left,  called  charcoal. 
oal  may  be  procured  from  other  sources.  Whenthe  volatile 
ire  driven  off  from  coal,  as  in  the  process  for  making  coal  gas, 
IT  kind  of  charcoal,  called  coke,  remains  in  the  retort.  Most 
nd  v^etable  substances  yield  it  when  ignited  in  close  vessels. 
veiy  pure  charcoal  may  be  procured  from  starch  or  sugar ; 
1  the  oil  of  turpentine  or  spirit  of  wine,  by  passing  their  vapour 
tubes  heated  to  redness.  When  bones  are  made  red-hot  in  a 
crucible,  a  black  mass  remains,  which  consists  of  charcoal 
ith  the  earthy  matters  of  the  bone.  It  is  called  ivory  black 
al  charcoal, 

oal  is  hard  and  brittle,  conducts  heat  very  slowly,  but  is 
lonductor  of  electricity.  Its  density  is  stated  much  too  low 
ical  works: — according  to  Mr  Leslie,  its  specific  gravity  is 
■eater  than  that  of  the  diamond.  It  is  quite  insoluble  in  water, 
:ed  with  difficulty  by  nitric  acid,  and  is  little  affected  by'any 
lier  acids,  or  by  the  alkalies.  It  undergoes  little  change  from 
i  to  air  and  moisture,  being  less  injured  under  these  circum- 
than  wood.  It  is  Exceedingly  refractory  in  the  fire,  if  exclud- 
the  air,  supporting  the  most  intense  heat  which  chemists  are 
produce  without  change. 

oal  possesses  the  property  of  absorbing  a  large  quantity  of  air 
gases  at  common  temperatures,  and  of  yielding  the  greater 
iiem  again  when  it  is  heated.    It  appears  from  the  researches 
ure,  that  different  gases  are  absorbed  by  it  in  different  propor- 
His  experiments  were  performed  by  plunging  a  piece  of 
charcoal  under  mercury,  and  introducing  it  when  cooUulo  VVv^ 
s  absorbed.    He  found  that  charcoal  prepaied  iiom  \>o^-^\^q^> 
dariog  the  epace  of  24  or  36  hours,  of 
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Amm«niacal  gas 

MthDM  Hi  Tflhuntr 

Muriatic  acid 

85 

SuiphuroHs  acid 

65 

Sulphuretted  hydrogen 

5» 

Nitrous  oxide 

40 

Carbonic  add 

16 

Olefiant  gas 

8ft 

Carbonic  oxide 

9.42 

Oxygen 

9.2S 

Nitrogen 

7Ji 

Hydrogen. 

1.7ft 

The  absorbing  power  erf  charcoal  wtth  respect  to  gasee,  cannot  bt 
attributed  to  chemical  action ;  for  the  quan^  of  each  gas,  wfaidi  if 
absorbed,  bears  no  relation  whatever  to  its  amity  for  charcoal.  Th» 
effect  is  in  reality  owing  to  the  peculiar  porous  texture  of  that  nb* 
stance,  which  enables  it,  in  common  with  most  sponey  bodies,  to  ib> 
sorb  more  or  less  of  all  gases,  vapours,  and  liquids,  wnh  whidi  it  if  in 
contact.  This  property  Is  most  remaikable-  In  charcoal  prepared  froB 
wood,  especially  in  the  compact  varieties  of  it,  the  pores  of  v^ichan 
numerous  and  small.  It  is  materially  diminished  by  reducing  tb9 
charcoal  to  powder ;  and  in  plumbago,  which  has  not  uie  requisite  de* 
gree  of  porosity,  it  is  wanting  altogether. 

The  porous  texture  of  charcoal  acctonnts  fbr  the  general  fact  of  ab* 
sorption  only ;  its  power  of  absorbing  more  of  one  gas  than  of  anothSTy 
must  be  explained  on  a  different  prindple.  This  effect,  though  mo^^ 
fied  to  all  appearance  by  the  ^infiuence  of  chemical  attraction,  seenis 
to  depend  chiefly  on  the  natural  elasticity  of  the  gases.  Those  whidi 
possess  such  a  great  degree  of  elasticity  as  to  have  hitherto  reristed  til 
attempts  to  condense  them  into  liquids,  are  absorbed  in  the  smallest 
proportion ;  while  those  that  admit  of  being  converted  into  Hqulds  by 
compression,  are  absorbed  more  freely.  .  For  this  reason,  charcoal  ab« 
sorbs  vapours  more  easily  than  gases,  and  liquids  than  either. 

Messrs  Allen  and  Pepys  determined  experimentally  the  increase  ia 
weight  experienced  by  different  kinds  of  charcoal,  recently  ignited, 
after  a  week^s  exposure  to  the  atmosphere.  The  charcoal  from  fir 
sained  13  per  cent ;  that  from  lignum  vitae,  9.6 ;  that  from  box,  14; 
mim  beech,  16.B;  from  oak,  16.5 ;  and  from  mahogany,  18.  The  ab- 
sorption is  most  rapid  durmg  the  first  24  hours.  The  substance  ab- 
sorbed is  both  water  and  atmospheric  air,  which  the  charcoal  retains 
with  such  force,  that  it  cannot  be  compIeteTy  separated  from  them 
without  exposure  to  a  red  heat.  Vogel*  has  observed  that  charcoal  ib- 
sqrbs  oxygen  in  a  much  greater  proportion  from  the  air  than  nitro|eo. 
Thus,  when  recently  ignited  charcoal,  cooled  under  mercury,  was  put 
into  a  jar  of  atmo^heric  air,  the  residue  contained  only  8  per  cent  of 
oxygen  gas;  and  if  red-hot  charcoal  be  plunged  into  water,  and  theft 
introduced  into  a  vessel  of  air,  the  oxygen  disappears  ahnost  entirely. 
It  is  said  that  pure  nitrogen  may  be  obtained  in  this  way. 

Charcoal  likewise  absorbs  the  odoriferous  and  colouring  principles 
of  most  animal  and  vegetable  substances.  When  coloured  infaflons 
of  this  kind  are  digested  with  a  due  quantity  of  charcoal,  a  solution  is 
obtained,  which  is  nearly  if  not  quite  colouriess.  Tainted  flesh  may 
be  rendered  sweet  and  eatable  by  this  means,  and  foul  water  may  be 
purified  by  filtering  through  charcoal.    The  substance  commonly  em- 

*  Sdiwe'i  g^ei* a  ) w»na\>  ^q\,  Vy . 
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ployed  to  deeoiorice  fluids  u  animal  charcoal  rodueed  to  a  fine  pow- 
der. Jt  loaes  the  property  of  absorbing  coloining  nattera  by  uae,  hut 
reeorers  it  by  being  heated  to  redness. 

Charcoal  is  highly  combustible.  When  strongly  heated  in  the  open 
lir,  it  takes  fire,  and  bums  slowly.  In  oxygen  gas,  its  combustion  is 
li?ely,  and  accompanied  with  the  emission  of  sparks.  In  both  cases 
it  is  consumed  without  flame,  smoke,  or  residue,  if  quite  pure  ^  «nd 
earbonic  acid  gas  is  the  product  of  its  combustien. 

The  pure  inflammable  principle,  which  is  the  characteristic  ingredi- 
Bnt  of  all  kinds  of  charcoal,  is  called  carbon.  In  coke  it  is  in  a  very 
impure  form.  Wood-charcoal  contains  about  l-60th  of  its  weight  of 
ilkiUne  and  earthy  salts,  which  constitute  the  ashes  when  this 
ipecies  of  charcoal  is  burned.  In  plumbago,  the  carbon  is  combined 
idth  a  small  portion  of  metallic  iron.  Charcoal  derived  from  spirit  of 
irtae  b  almost  quite  pure ;  and  the  diamond  is  carbon  in  a  state  of  ab- 
lohite  purity. 

The  diamond  is  -the  hardest  substance  in  nature.  Its  texture  is 
ciyatalline  in  a  high  degree,  and  its  cleavage  very  perfect.  .  Its  prt- 
muy  form  is  the  octahedron.  It  has  a  specific  gravity  of  8.620*.  Acids 
md  alkaltos  do  not  act  upon  it ;  and  it  bears  ^he  most  intense  heat 
in  close  vessels  without  fusing  or  undergoing  any  perceptible  change. 
Heated  to  14**  W,  in  the  open  air,  it  is  entirely  consumed.  Newton 
ifst  suspected  it  to  be  combustible  from  its  great  refracting  power,  a 
emjecture  which  was  rendered  probable  by  the  experiments  of  the 
Florentine  academicians  in  1694,  and  which  was  subsequently  confirm- 
idbv  several  philosophers.  Lavoisier  first  proved  it  to  contain  carbon, 
iy  throwing  the  sun's  rays,  concentrated  by  a  powerful  lens,  upon  a  dia- 
mond contained  in  a  vessel  of  oxygen  gas.  The  diamond  was  con- 
Qmed  entirely,  oxygen  disappeared,  and  carbonic  acid  was  generated. 
thas  since  been  demonstrated  by  the  •researches  of  Guyton-Morveau, 
mithson  Tennant,  Allen  and  Pepys,  and  Sir  H.  Davy,  that  carbonic  acid 
I  the  product  of  its  combustion.  Guyton-Morveau  inferredfrom  his  ex-« 
erimente  that  the  diamond  is  pure  carbon,  and  that  charcoal  is  an 
ride  of  carbon.  Tennant  burned  diamonds  by  heating  them  with 
Itre  in  a  gold  tube;  and  comparing  his  own  results  with  those  of 
aroisier  on  the  combustion  of  charcoal,  he  concluded  that  equal 
eighte  of  diamond  and  pure  charcoal,  in  combining  with  oxygen, 
ield  precisely  equal  quantities  of  carbonic  acid.  He  was  thus  in- 
oeed  to  adopt  the  opinion,  that  charcoal  and  the  diamond  are  chemi- 
illy  the  same  substance.;  and  that  the  difference  in  their  physical 
larmeters  is  solely  dependent  on  a  difference  of  aggregation*.  This 
mclnsion  was  confirmed  by  the  experiments  of  Allen  and  Pepysf, 
id  Sir  H.  Davyt,  who  compared  the  product  of  the  combustion  of 
le  diamond  with  that  derived  from  diiferent  kinds  of  charcoal.  The 
iter  chemist  did  indeed  observe  the  production  of  a  minute  quantity 
r  water  during  the  combustion  of  the  purest  charcoal,  indicative  of 
trace  of  hydrogen  ;  but  its  quantity  is  so  exceedingly  small,  that  it 
aoDOt  be  regarded  as  a  necessary  constituent.    It  proves  only  that 

trace  of  hydrogen  is  retained  with  such  force  by  charcoal,  that  it 
aonot  be  expelled  by  the  temperature  of  ignition. 

Carbonic  Acid. 

Carbonic  acid  was  discovered  by  Dr.  Black  in  1757,  and  described 


*  PbOog.  TruD9.  (or  1797.        f  Ibid.  1807.        \  IbVA.  \ft\\. 
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by  him  in  bif  iQaaf|;urtl  diMertation  de  MagnewtaAXba^  imdar  thenuM 
oi  fixed  air.  He  observed  the  exittence  of  this  |^  in  eoniMonliiBe- 
ptone  and  mafipoe'sia,  and  found  that  it  ma j  be  expeiled  from  these  lob* 
stances  by  the  action  of  heat  or  acids.  He  also  retnarked  that  the 
same  gas  is  formed  during  respiration,  fermentation,  and  combastioD. 
Its  composition  was  first  demonstrated  synthetically  by  Lavoisier,  who 
burned  carbon  in  oxygen  gas,  and  obtained  carbonic  acid  as  the  piD> 
duct.  The  late  Mr  Smithson  Tennant  illustrated  its  nature  aoalytbi- 
ly  by  passing  the  vapour  of  phosphorus  over  chalk,  or  carbonate  of 
lime,  heated  to  redness  in  a  glass  tube.  The  phosphorua  took  oxygsa 
fiom  the  carbonic  acid,  charcoal  in  the  form  of  a  light  black  powte 
was  deposited,  and  the  phosphoric  acid,  which  was  fonned,  uidlMl 
with  the  lime.  ^ 

Carbonic  acid  is  most  conveniently  prepared  for  the  pniposes  sf  ei* 
periment  by  the  action  of  muriatic  acid,  diluted  with  two  or  three  tirnf 
its  weight  of  water,  on  fragments  of  marble.  The  muriatic  add  uidtBi 
with  the  lime,  forming  a  muriate  of  lime,  and  carbonic  add  gas  escapes 
with  effervescence. 

Carbonic  acid,  as  thus  procured,  is  a  colourless,  inodorous,  alastie 
fluid,  which  possesses  ail  the  physical  characters  of  the  gases  in  n 
eminent  degree,  and  requires  a  pressure  of  thirty-fix  atmospheres  to 
condense  it  into  a  liquid.  According  to  the  recent  experiments  of  Dr 
Thomson,  (First  Principles,  vol.  i.  p.  143)  100  cubic  inches  of  it,  it 
60°  F.  and  when  the  barometer  stands  at  80  inches,  weigh  46^97 
grains;  and  therefore  its  specific  gravity  is  1.5277. 

Carbonic  acid  extinguishes  burning  substances  of  all  kinds,  and  the 
combustion  does  not  cease  from  the  want  of  oxygen  only.  It  exerts 
a  positive  influence  in  checking  combustion,  as  appears  from  the  fact, 
that  a  candle  cannot  burn  in  a  gaseous  mixture  composed  of  four  mea- 
sures of  atmospheric  air,  and  one  of  carbonic  acid. 

It  is  not  better  qualified  to  support  the  respiration  of  animals ;  for  its 
presence,  even  in  moderate  proportion,  is  soon  fatal.  An  animal  can- 
not live  in  air  which  contains  sufiTicicnt  carbonic  acid  for  extiogulA- 
ing  a  lighted  candle ;  and  hence  the  practical  rule  of  letting  down  i 
burning  taper  into  old  wells  or  pits  before  any  one  ventures  to  descend. 
When  an  attempt  is  made  to  inspire  pure  carbonic  acid,  a  violent  spun 
of  the  glottis  takes  place,  which  prevents  the  gas  from  entering  the 
lungs.  If  it  be  so  much  diluted  with  air  as  to  admit  of  its  passing  the 
glottis,  it  then  acts  as  a  narcotic  poison  on  the  system.  It  is  this  gis 
which  has  often  proved  destructive  to  persons  sleeping  in  a  confined 
room  with  a  pan  of  burning  charcoal. 

Carbonic  acid  is  quite  incombustible,  and  cannot  be  made  to  unite 
with  an  additional  portion  of  oxygen.  It  is  a  compound,  therefore,  in 
which  carbon  is  in  its  highest  degree  of  oxidation. 

Lime-water  becomes  turbid  when  brought  into  contact  wiih  cw* 
bonic  acid.  The  lime  unites  with  the  gas,  forming  carbonate  of  lime, 
whi^,  from  its  insolubility  in  water,  at  first  renders  the  solution  milky» 
and  afterwards  forms  a  white  flaky  precipitate.  Hence  lime-water  is 
not  only  a  valuable  test  of  the  presence  of  carbonic  acid,  but  is  fre- 
quently used  to  withdraw  it  altogether  from  any  gaseous  mixture  Ihit 
contains  it. 

Carbonic  acid  is  absorbed  by  water.    This  may  be  easily  demoD- 

strated,  by  agitating  the  gas  with  that  liquid,  or  by  leaving  a  jar  foil  of 

it  inverted  over  water.    In  the  first  case  the  gas  disappears  in  the 

course  of  a  minute;  in  the  latter  it  is  absorbed  gradually.     Recently 

hoiied  water  dissolves  its  own  vbVume  o^  e^\\>oTi\c^c\.d  at  the  common 

temperature  and  pressure ;  but  \l  ^WV  UV«  \i^  m^cVk  viqt^VL  ^^^^«&- 
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sare  be  Ineretfed.  Tbe  quantity  of  the  gu  abtorbed  is  in  exact  ra- 
tio with  the  compreaaing  force ;  that  ia,  water  diaaolvea  twice  its  Tolume 
when  the  preaanre  ia  doubled,  and  three  timea  ita  volume  when  the 
preaaure  ia  trebled. 

A  aatarated  aolution  of  carbonic  acid  may  be  made  by  paaaing  a 
ttream  of  the  gaa  through  a  vessel  of  cold  water  during  Oie  apace  of 
half  an  hour,  or  atill  better  by  the  use  of  a  Woulfe'a  bottle  or  Nooth's 
apparatus,  so  aa  to  aid  the  absorption  by  pressure.  Water  and  other 
Uquida  which  have  been  charged  with  carbonic  acid  under  great  pres- 
sures, lose  the  greater  part  of  the  gaa  when  (he  pressure  is  removed. 
The  efferveseeDce  which  takes  place  on  opening  a  bottle  of  ginger 
beer,  cyder,  or  brisk  champaign,  ia  owing  into  the  escape  of  carbonic 
acid  cas.  Water,  which  ia  fully  saturated  with  carbonic  acid  gas, 
spaiUea  when  it  ia  poured  from  one  veasel  to  another.  The  solution 
hu  an  agreeably  aciduloua  taste,  end  gives  to  litmus  paper  a  red  stain 
which  ia  lost  on  exposure  to  the  air.  On  tbe  addition  of  lime-water 
to  it,  a  clottdineaa  ia  produced,  which  at  first  disappeara,  because  the 
carbonate  of  Kme  is  aoluble  in  excess  of  carbonic  acid ;  but  a  permanent 
precipitate  enauea  when  the  free  acid  is  neutralized  by  an  additional 
quantity  of  lime-water.  The  water  which  contains  carbonic  acid  in 
aolution  ia  wholly  deprived  of  the  gas  by  boiling.  Removal  of  pres- 
sure from  its  auiiace  by  meana  of  the  air-pump  has  a  similar  effect. 

The  agreeable  pungency  of  beer,  porter,  and  ale,  lain  a  great  mea- 
aore  owing  to  the  preaence  of  carbonic  acid,  by  the  loss  of  which,  on 
exposure  to  the  air,  they  become  atale.  All  kinds  of  spring  and  well 
water  contain  carbonic  acid  absorbed  from  the  atmosphere,  and  to 
which  they  are  partly  indebted  for  their  pleasant  flavour.  Boiled  wa- 
ter baa  an  insipid  taste  from  the  absence  of  carbonic  acid. 

A  knowledge  of  the  exact  compositien  of  carbonic  acid  gas  is  of 
very  great  importance.  The  researches  of  Allen  and  Pepys,  and  Sir 
H.  Davy,  have  proved  incontestably  that  oxygen  gas,  in  combining 
with  caibon  ao  aato  form  earbonic  acid,  suffers  no  change  of  volume  ; 
or,  in  other  words,  that  carbonic  acid  contains  its  own  volume  of  oxy- 

KD.    It 'hence 'follows  that  100  cubic  inches,  or  46.597  grains  of  car- 
nic  acid,  conaiat  of  100  cubic  inches,  or  33.888  grains  of  oxygen, 
united  with  12.709  graina  (46.597—33.888)  of  carbon. 

Now,  12.709  :  33.888  :  :  6  :  16 
and  aince,  aa  will  aoon  appear,  6  is  the  combining  proportion  of  car- 
bon, carbonic  acid  ia  composed  of 

Carbon  6  one  proportional. 

Oxygen         16  two  proportionals. 

By  a  rale  which  is  given  at  page  129,  it  may  be  calculated  that  car- 
bon, if  auppoaed  to  e&t  in  the  form  of  vapour,  would  have  a  specific 
gravity  oi  0.4166;  from  which  it  foHowa,  that  100  cubic  inches  of  the 
vapour  of  cairiwn,  at  60°  F.  and  when  the  barometer  stands  at  30  inches, 
would  weigh  12.709  grains.  Consequently,  100  cubic  inches  of  car- 
bonic acid  gaa  are  compoaed  of 

Oxygen  gaa  100  cubic  inches. 

Vapour  of  Carbon  100        Do. 

Carbonic  acid  ia  always  present  in  the  atmosphere,  even  at  the-sum- 
mit  of  the  highest  mountains,  or  at  a  distance  of  several  thousand  feet 
ibove  the  ground.  Ita  preaence  may  be  demonstrated  by  exposing 
liffle-water  in  an  open  veasel  to  the  air,  when  ita  surface  will  soon  be 
covered  with  a  pellicle,  which  is  carbonate  of  lime.  The  origin  of  the 
eaibonic  acid  ia  obvious.  Besides  being  formed  abutidvi^^  >&^  ^Xii^ 
eombuatioD  of  aJJ  mtb§tuie9§  which  contain  ettbont  the  ieiuvE%!CL^u  oV 
Pi 
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animals  is  a  fruitful  source  of  it,  as  may  be  proved  by  bieaibiiig  for  a 
few  minutes  into  lime-water ;  and  it  is  also  generated  in  all  the  apoo- 
taneous  changes  to  which  dead  animal  and  vegetable  matters  are  sub* 
ject.  The  carbonic  acid  proceeding  from  such  sources,  is  commonly 
diffused  equably  through  the  air;  but  when  any  of  these  processes  oc- 
cur in  low  confined  situations,  as  at  the  bottom  of  old  wells,  the  gas  is 
then  apt  to  accumulate  there,  and  form  an  atmosphere  called  choke 
'damp,  which  is  fatal  to  any  animals  that  are  placed  in  it.  These  ac- 
cumuUtions  happily  never  take  place,  except  when  there  is  some  lo* 
cal  origin  for  the  carbonic  acid  ;  for  example,  when  it  is  generated  by 
fermentative  processes  going  on  at  the  surface  of  the  ground,  or  wbcn 
it  issues  directly  from  the  earth,  as  happens  at  the  Grotto  del  Cane  io 
Italy,  and  at  Pyrmont  in  Westphalia.  There  is  no  real  foundation  for 
the  opinion  that  carbonic  acid  can  separate  itself  from  the  great  wm 
of  the  atmosphere,  and  accumulate  in  a  low  situation  mer^y  by  the 
force  of  gravity.  Such  a  supposition  is  contrary  to  the  well  kHowD 
tendency  of  gases  to  diffuse  themselves  equally  through  one  anolbert 
It  is  alto  contradicted  by  observation ;  for  many  deep  pits,  which  ara 
free  from  putrefying  organic  remains,  though  otherwise  ikvourmbly  ait- 
uated  for  such  accumulations,  contain  good  atmospheric  air. 

Though  carbonic  acid  is  the  product  of  many  natarml  operatioBS, 
chemists  have  not  hitherto  noticed  any  increase  in  the  quantity  con- 
tained in  the  atmosphere.  The  only  known  process  which  tends  to 
prevent  an  increase  in  its  proportion,  is  that  of  vegetation.  Growing 
plants  purify  the  air  by  withdrawing  carbonic  acid,  and  yielding  id 
equal  volume  of  pure  oxygen  in  return  ;  but  whether  a  full  compensa- 
tion is  produced  by  this  cause,  has  not  yet  been  satisfactorily  deter- 
mined. 

Carbonic  acid  is  contained  in  the  earth.  Many  mineral  springs, 
such  as  that  of  Tunbridge,  Pyrmont,  and  Carlsbad,  are  highly  chaigad 
with  it.  In  combination  with  lime  it  forms  extensive  masses  of  rock, 
which  geologists  have  found  to  occur  in  all  countries,  and  in  eveiy 
formation. 

Carbonic  acid  unites  with  alkaline  substances,  and  the  salts  so  con- 
stituted are  called  earbonates.  Its  acid  properties  are  feeble,  so  tliat 
it  is  unable  to  neutralize  completely  the  alkaline  properties  of  potasn, 
soda,  and  lithia.  For  the  same  reason,  all  the  cart>onates,  without  ex- 
ception, are  decomposed  by  the  muriatic  and  all  the  stronger  add*: 
the  carbonic  acid  is  displaced,  and  escapes  in  the  form  of  gas. 

Carbonic  Oxide  Gas. 

When  two  parts  of  well-dried  chalk  and  one  of  pure  iron  filings  are 
mixed  together,  and  exposed  in  a  gun- barrel  to  a  red  heat,  a  laige 
quantity  of  aeriform  matter  is  evolved,  which  may  be  collected  over 
water.  On  examination,  it  is  found  to  contain  two  compounds  of 
carbon  and  oxygen,  one  of  which  is  carbonic  acid,  and  the  other  eof' 
bonie  oxide.  By  washing  the  mixed  gases  with  lime-water,  the  car- 
bonic acid  is  absorbed,  and  the  carbonic  oxide  gas  is  left  in  a  state  of 
purity.  * 

A  very  elegant  mode  of  preparing  carbonic  oxide  has  been  suggest- 
ed by  M.  Dumas.  (Edinburgh  Journal  of  Science,  No.  XII.  p.  850.) 
The  process  consists  in  mixing  the  binoxalate  of  potassa  with  five  or 
six  times  its  weight  of  concentrated  sulphuric  acid,  and  heating  the 
tniMture  in  a  retort  or  other  convenient  glass  vessel.  Effervescence 
sooD  ensues,  owing  to  the  escape  o\  fg^A  ^Q^Valui^  of  equal  measures 
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onie  acid  and  carbonic  oxide  jj^aaei;  and  on  abtorbinc  Che 
by  means  of  lime-water  or  solution  of  potasaa,  the  latteris  left 
e  of  perfect  purity.  To  comprehend  the  theory  of  the  process, 
tessary  to  premise,  that  oxalic  acid  is  a  compound  of  e<)ual 
a  of  carbonic  acid  and  carbonic  oxide;  or  at  least  Its  elements 
le  proportion  to  form  these  gases,  and  that  it  cannot  exist  an- 
combination  with  water  or  some  other  substance.  Now  the 
c  acid  unites  both  with  the  potassa  and  water  of  tha  bin- 
and  the  oxalic  acid  being  thus  set  free,  is  instantly  decom- 

tley  discovered  this  gas  by  igniting  chalk  in  a  gun-barrel,  and 
ds  obtained  it  in  greater  quantity  from  chalk  and  iron  filings, 
posed  it  to  be  a  miiture  of  hydrogen  and  carbonic  acid  gases, 
nature  was  pointed  out  by  Mr  Cruickshank*,  and  about  the 
ae  by  Clement  and  D^sormesf. 

nic  oxide  gas  is  colourless  and  insipid.  It  does  not  affeet 
colour  of  vegetables  in  any  way;  nor  does  it  combine,  like 
!  acid,  with  lime  or  any  of  the  pure  alkalies.  It  is  very  spar- 
woJved  by  water.  Lime-water  does  not  absorb  it,  nor  is  its 
eocy  affected  by  it. 

QIC  oxide  is  inflammable.  When  a  lighted  taper  is  plunged 
r  full  of  that  gas,  the  taper  is  extinguished ;  but  the  gas  itself 
I  fire,  and  bums  calmly  at  its  surface  with  a  lamMDt  blue 
The  sole  product  of  its  combustion,  when  the  gas  is  quite 
carbonic  acid,  a  fact  which  proves  that  it 'does  not  contain 
rogen. 

nic  oxide  gas  cannot  support  respiration.    It  acts  injuriously 
system;  for  if  diluted  with  air,  and  taken  into  the  lungs,  it 
in  occasions  headach  and  other  unpleasant  feelings ;  and  when 
i  pure,  it  almost  instantly  causes  profound  coma. 
(lure  of  carbonic  oxide  and  oxygen  gases  may  be  made  to  ex- 
y  flame,  by  a  red-hot  solid  body,  or  by  the  electric  spark.    If 
5  mixed  together  in  the  proportion  of  100  measures  of  carbonic 
nd  rather  more  than  60  of  oxygen,  and  the  mixture  is  inflam- 
oJla*s  eudiometer  by  electricity,  so  as  to  collect  the  product 
orabustion,  the  whole  of  the  carbonic  oxide,  together  with  60 
IS  of  oxygen,  disappear,  and  100  measures  of  carbonic  acid  gas 
their  place.    From  this  fact,  which  was  ascertained  by  &r- 
and  has  been  amply  confirmed  by  subsequent  observation,  the 
>mposition  of  carbonic  oxide  gas  may  be  easily  deduced.    For 
c  acid  contains  its  own  bulk  of  oxygen ;  and  since  100  measures 
nic  oxide  with  50  of  oxygen  form  100  measures  of  carbonic  acid, 
TB  that  100  of  carbonic  oxide  are  composed  of  60  of  oxygen, 
precisely  with  the  same  quantity  of  carbon  as  is  contained  in 
asures  of  carbonic  acid.    Consequently,  the  composition  of 
c  acid  being 

JBy  Volume,  ^y  Weight, 

of  carbon  100  Carbon         6 

or 

gas  100  Oxygen      16 

100  carbonic  acid  gas.  22  carbonic  acid. 


*■  fiieholsoB'a  /oumaf,  4io  Ed.  vo\  Y. 
/  AanaleB  de  Chimie,  vol.  xxxix. 
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That  4tf  caAoDie  oxide  most  be 

By  Volume,  Sy  WeigM. 

Vapour  of  carbon  100  XJarbon       6 

or 

Oxygen  gas  50  Oxygen      8 

100  carbonic  oxide  gas.        14  carbonic  oxide. 

GfrcMi. 

Also,  since  50  cubic  inches  of  oxygen  gas  weigh  16.944 

and  100  of  the  vapour  of  carbon  12.709 

100  cubic  inches  of  carbonic  oxide  gas  must  weigh  29.€6S 

Its  specific  gravity  is  therefore  0.9721 ;  and  to  be  satisfied  ti  the 
accuracy  of  the  data  on  which  these  calculations  are  fotmdedt  it  k 
sufficient  to  state,  that  its  density,  as  determined  by  Dr  Theaswi, 
isD.9700,  and  is  0.9727  according  to  the  experiments  of  BeneUuiiBd 
Dulong. 

No  compound  of  carbon  and  oxygen  is  known  which  contaiaf  a 
less  quantity  of  oxygen  than  carbonic  oxide.  For  this  reason  it  is  le- 
garded  as  a  combination  of  one  proportion  of  carbon  ^6  and  oneofeiy- 
gen  =  8 ;  and  carbonic  acid,  of  one  proportion  of  carbon  es  6  and  two 
of  oxygen  ss  16.  The  combining  proportion  of  carbonic  oxide  If 
therefore  14,  and  that  of  carbonic  acid  22. 

The  first  process  mentioned  for  generating  carbonic  oxide  wiH  bow 
be  iotelligible.  The  principle  of  the  method  is  to  bring  cart)onie  acid 
at  a  red  heat  in  contact  with  some  substance  which  has  a  strong  affi- 
nity for  oxygen.  This  condition  is  fulfilled  by  igniting  chalk,  or  any 
carbonate  which  can  bear  a  red  beat  without  decomposition,  soeh  as 
the  carbonates  of  baryta,  strontia,  soda,  potassa,  or  lithia,  with  half 
its  weight  of  iron  filings  or  charcoal.  The  carbonate  is  reduced  (o  the 
caustic  state,  and  the  carbonic  acid  is  converted  into  carbonic  oxide 
by  yielding  oxygen  to  the  iron  or  the  charcoal.  When  the  first  is  used, 
an  oxide  of  iron  is  the  product ;  when  charcoal  is  employed,  the 
charcoal  itself  is  converted  into  carbonic  oxide.  This  gas  may  like- 
wise be  generated  by  heating  to  redness  a  mixture  of  almost  any  me- 
tallic oxide  with  one-sixth  of  its  weight  of  charcoal  powder.  T%e 
oxides  of  zinc,  iron,  or  copper,  are  the  'cheapest  and  most  convenieot. . 
It  may  also  be  formed  by  transmitting  a  current  of  carbonic  acid  gu 
over  ignited  charcoal.  In  all  these  processes,  it  is  essential  that  the 
ingredients  be  quite  free  from  moisture  and  hydrogen,  otherwiae 
some  carburetted  hydrogen  eas  would  be  generated.  The  piodaet 
must  always  be  washed  with  lime-water  to  separate  it  from  ea^bofiie 
acid. 

Dr  Henry  has  ascertained  that  when  a  succession  of  electric  spaib 

is  passed  through  carbonic  acid  confined  over  mercury,  a  poftioo  of* 

that  gas  is  converted  into  carbonic  oxide  and  oxygen.     When  a  mil-' 

ture  of  hydrogen  and  carbonic  acid  gases  is  elecmfied,  a  portion  of 

the  latter  yields  one  half  of  its  oxygen  to  the  former ;  water  is  gaoei^ 

ated,  and  carbonic  oxide  produced.    On  electri^ne  a  mixture  of 

equal  measures  of  carbonic  oxide  and  the  protoxide  of  nitrogen,  both 

gases  are  decomposed  without  change  of  volume,  and  the  lesidoe 

consists  of  equal  measures  of  carbonic  acid  and  nitrosen  gases.    Tbe 

carbonic  oxide  should  be  in  very  slight  excess,  in  order  to  ensnrt  the 

success  of  the  experiment.    On  this  fact  is  founded  Dr  Hewy'f 

method  of  analyzing  the  prolox\de  ol  i3A.\xo%(^Yk«%iid  teatlng  Ita  porityi 

as  wm  be  more  pattlcufMly  menVioiiQ^  vel  ^Qda  Uraafda.  \iiax  ^^ 

work. 
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SECTION  VII. 

SULPHUR. 

Sulphur  occurs  as  a  mineral  production  in  some  parts  of  the  earth, 

fartlcularly  in  the  neighbourhood  of  volcanoes,  as  in  Italy  and  Sicily, 
t  ia  Commonly  found  in  a  massive  state ;  but  it  is  sometimes  met  with 
crystallized  in  the  form  of  an  oblique  rhombic  octahedron.  It  exists 
xnuch  more  abundantly  in  combination  with  several  metals,  such  as 
stiver,  copper,  antimony,  lead,  and  iron. '  It  is  procured  in  large 
€j«iaiitity  by  exposing  the  common  iron  pyrites  to  a  red  heat  in  close 
▼ensels. 

Sulphur  is  a  brittle  solid,  of  a  greenish-yellow  colour,  emits  a  pe- 
culiar odour  when  rubbed,  and  has  little  taste.    It  is  a  non-conductor 
of  electricity,  and  is  excited  negatively  by  friction.    Its  specific  gravi- 
ty is  1  .99.     Its  point  of  fusion  is  at  216^  F ;  between  230''  and  280'  it 
possesses  the  highest  degree  of  fluidity,  is  then  of  an  amber  colour, 
.  ^nd  if  cast  into  cylindrical  moulds,  forms  (he  common  roll  sulphur  of 
commerce.     It  begins  to  thicken  near  320^,  and  acquires  a  reddish 
'tint ;  and  at  temperatures  between  428°  and  482°,  it  is  so  tenacious 
that  the  vessel  ma}'  be  inverted  without  causing  it  to  change  its  place. 
I*rom  482°  to  its  boiling  point  it  becomes  liquid  again,  but  never  to 
the  same  extent  as  when  at  248"*.    When  heated  to  at  least  428", 
and  then  poured  into  water,  it  becomes  a  ductite  mass,  which  may 
be  used  for  taking  the  impression  of  seals.    (Dumas.) 

Fused  sulphur  has  a  tendency  to  crystallize  in  cooling.    A  crj'stal- 
line  arrangement  is  perceptible  in  the  centre  of  the  common  roll  sul- 

Shur;  and  by  good  management  regular  crystals  maybe  obtained. 
^or  this  purpose,  several  pounds  of  sulphur  should  be  melted  in  an 
earthem  crucible ;  and  when  partially  cooled,  the  outer  solid  crust 
should  be  pierced,  and  the  crucible  quickly  inverted,  so  that  the  inner 
and  as  yet  fluid  parts  may  gradually  flow  out.  On  breaking  the  solid 
mass,  when  quite  cold,  crystals  of  sulphur  will  be  found  in  its  in- 
terior. 

Sulphur  is  very  volatile.  It  begins  to  risie  slowly  in  vapour  even 
before  it  is  completely  fused.  At  550"  or  600°  F.  it  volatilizes  rapidly, 
and  condenses  again  unchanged  in  close  vessels.  Common  sulphur  is 
purified  by  this  process ;  and  if  the  sublimation  be  conducted  slowly, 
the  sulphur  collects  in  the  receiver  in  the  form  of  detached  crystalline 
grains,  called  flowert  of  sulphur.  In  this  state,  however,  it  is  not 
quite  pure  ;  for  the  oxygen  of  the  air  within  the  apparatus  combines 
with  a  portion  of  sulphur  during  the  process,  and  forms  sulphurous 
acid.  The  acid  may  be  removed  by  washing  the  flowers  repeatedly 
with  water. 

Sulphur  is  insoluble  in  water,  but  unites  with  it  under  favourable 
circumstances,  forming  the  white  hydrate  of  sulphur,  termed  Lac 
Sulphuris,  It  dissolves  readily  in  boiling  oil  of  turpentine.  The  so- 
lution has  a  reddish-brown  colour  like  melted  sulphur,  and  if  fully 
saturated  deposites  numerous  small  crystals  in  cooling.  Sulphur  is 
also  soluble  in  alcohol,  if  both  substances  are  brought  together  in  the 
form  of  vapour.  The  sulphur  is  precipitated  from  the  solution  by  the 
addition  of  water. 


Sulphur,  like  charcoal,  retains  a  portion  of  hydrogen  so 
that  it  cannot  be  wboUy  freed  from  it  either  by  fus'iou  oi  v 
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Sir  H.  DtTy  detected  ttf  presence  by  exposing  snlphor  to  llbe  ilrOii| 
bteat  of  a  powerful  galranic  battery,  when  some  sulphuretted  hydrogea 
cas  was  disengaged.  The  hydrogen,  from  its  minute  quantity,  can  Mily 
he  regarded  in  the  light  of  an  accidental  impurity,  and  as  nowise  es- 
sential to  the  nature  of  sulphur. 

When  sulphur  is  heated  in  die  open  >air  to  800**  F.  or  a  little  hig|her, 
it  kindles  spontaneously,  and  bums  with  a  faint  blue  light.  In  oiy- 
gcrn  cas  its  combustion  is  far  more  vivid ;  the  flame  is  much  hmr, 
and  of  a  biuish-wliite  colour.  Sulphurous  acid  is  the  product  In  Mth 
instances ; — no  sulphuric  acid  is  formed  even  in  ozygea  gas  unlM 
moisture  is  present. 

Compounds  of  Sulphur  and  Oxygen. 

Chemists  are  at  present  acquainted  with  four  compounds  of  inljiliiit 
and  oxygen,  all  of  which  have  acid  properties.  Their  compoiitioa  b 
shown  by  the  following  table. 


Sulphiur. 

Oxygen. 

Pr.8. 

JPr.Oc. 

Hyposulphurous  acid          82 

8 

2 

1 

Sulphurous  acid                  16 

16 

1 

2 

Sulphuric  acid                     16 

24 

1 

8 

Hyposulphuric  acid            32 

40 

2 

6 

Sulphurous  Acid  Gas. 

Pure  sulphurous  add,  at  the  common  temperature  and  pressure,  is  a 
colourless  transparent  gas,  which  was  first  obtained  in  a  separate  state 
by  Priestley*.  It  is  the  sole  product  when  sulphur  is  burned  in  air 
or  dry  oxygen  gas,  and  is  the  cause  of  the  peculiar  odour  emitted  by 
that  substance  during  its  combustion,  it  may  also  be  prepared  by 
depriving  sulphuric  acid  of  one  proportion  of  its  oxygen.  This  may 
be  done  in  several  ways.  If  chips  of  wood,  straw,  or  cork,  oil,  or 
other  vegetable  matters,  be  heated  in  strong  sulphuric  acid,  the  cariMiB 
and  hydrogen  of  those  substances  deprive  the  acid  of  part  of  its  ozy- 
gen,  and  convert  it  into  sulphurous  acid.  Nearly  all  the  metiJs,  with 
the  aid  of  heat,  have  a  similar  effect.  One  portion  of  sulphuric  add 
jHelds  oxygen  to  the  metal,  and  is  thereby  converted  into  sulphurous 
acid ;  while  the  metallic  oxide,  at  the  moment  of  its  formation,  unites 
with  some  of  the  undecomposed  sulphuric  acid.  The  best  method 
of  obtaining  pure  sulphurous  acid  gas,  is  by  putting  two  parts  of  mer- 
cury and  three  of  sulphuric  acid  into  a  glass  retort,  the  beak  of -which 
is  received  under  mercury,  and  heating  the  mixture  by  an  Arguid 
lamp.  Effervescence  soon  takes  place,  a  large  quantity  of  pore 
sulphurous  acid  is  disengaged,  and  the  sulphate  of  the  oxide  of  mercu- 
ry remains  in  the  retort. 

Sulphurous  acid  gas  is  distinguished  from  all  other  easeous  fluids  by 
its  suffocating  pungent  odour.  All  burning  bodies,  when  immersed  Id 
it,  are  extinguished  without  setting  fire  to  the  gas  itself.  It  is  fiitai 
to  all  animals  which  are  placed  in  it.  A  violent  spasm  of  the  i^tfb 
takes  place,  by  which  the  entrance  of  the  gas  into  the  lungs  is  prevent- 
ed ;  and  even  when  diluted  with  air,  it  excites  cough,  and  causes  a 
peculiar  uneasiness  about  the  chest. 

Recently  boiled  water  dissolves  about  88  times  its  volume  of  sul- 


*  PrleaUe^  on  Ak,NoV&.^«V. 


pbnronf  aeid^  at  60°  F.  and  SO  inches  of  the  barometer,  forming  a  solu- 
tion  which  has  the  peculiar  odour  of  that  compound,  and  from  which 
the  gas  may  be  expelled  by  ebullition,  without  change. 

Sulphurous  acid  has  considerable  bleaching  properties.  It  reddens 
litmus  paper,  and  then  slowly  bleaches  It.  Most  vegetable  colouring 
matters,  such  as  that  of  the  rose  and  the  violet,  are  speedily  removed,. 
without  being  first  reddened  by  it.  It  is  remarkable  that  the  colourUig 
principle  is  not  destroyed  by  the  sulphurous  acid  ;  it  may  be  restored 
either  by  a  stronger  acid  or  by  an  alkali. 

Sir  M.  Davy  inferred  from  bis  experiments  en  the  combustion  of 
sulphur  in  diy  oxygen  gas,  (Elements,  p.  278,)  that  the  volume  of  the 
oxygen  is  not  altered  during  the  process,  a  fact  which  is  now  admitted 
by  most  chemists ;  so  that  100  cubic  inches  of  sulphurous  acid  con- 
tin  100  cubic  inches  of  oxygen.  According  to  Dr  Thomson,  (Annals 
of  Philosophy,  zvi.  266,)  sulphurous  acid  gas  is  just  twice  as  heavy 
u  oxygen ;  and  the  experiments  of  Davy  and  of  Thenard  correspond 
very  dosely  with  his  result.  It  follows,  therefore,  that  sulphurous 
add  consists  of  equal  weights  of  sulphur  and  oxygen ;  and  conse- 
quently that  100  cubic  inches  weigh  67.776  grains,  and  contain 
88.888  g^ns  of  sulphur.  This  proportion  is  also  established  by  the 
researches  of  Berzelius.    (An.  de  Ch.  et  de  Ph.  vol.  v.) 

By  the  formula,  pace  129,  it  may  be  calculated  that  the  specific 
gravity  of  the  vapour  of  sulphur  is  the  same  as  that  of  oxygen  gas,  or 
1.1111 ;  and  hence  100  cubic  inches  of  that  vapour  must  weigh 
83.888  grains.  From  this  it  is  manifest,  that  100  cubic  inches  of 
salphurous  acid  eas  are  composed  of 

Vapour  of  sulphur  .    .  100  cubic  Inches. 

Oxygen  .  .  100  do. 

The  specific  gravity  of  sulphurous  acid  gas  is  of  course  double  that 
of  oxygen,  or  2.2222. 

It  is  inferred  from  the  compounds  of  sulphur  with  oxygen,  hydrogen, 
and  many  other  substances,  that  16  is  the  number  which  expresses  the 
combining  proportion  ef  that  substance.  Hence  sulphurous  acid  is 
composedof  16,  or  one  proportion  of  sulphur,  and  16,  or  two  propor- 
tions of  oxygen.    Its  atomic  weight  is,  therefore,  32. 

Though  sulphurous  acid  cannot  be  made  to  burn  by  the  approach  of 
(lame,  it  has  a  very  strong  attraction  for  oxygen,  uniting  with  it  under 
fiivourable  circumstances,  and  forming  sulphuric  acid.  The  presence 
of  moisture  is  essential  to  this  change.  A  mixture  of  sulphurous  acid 
ind  oxygen  gases,  if  quite  dry,  may  be  preserved  over  mercu- 
ry for  any  length  of  time  without  acting  on  each  other.  But  if 
a  little  water  be  admitted,  the  sulphurous  acid  gradually  unites 
with  oxygen,  and  disappears  entirely.  For  this  reason,  a  solu- 
tion of  sulphurous  acid  in  water  cannot  be  kept  unless  the  atmos- 
pheric air  is  carefully  excluded.  Many  of  the  chemical  properties 
of  sulphurous  acid  are  owing  to  its  affinity  for  oxygen.  On  being 
added  to  a  solution  of  the  peroxide  of  iron,  it  takes  oxygen,  and  thus 
converts  the  peroxide  into  the  protoxide  of  that  metal.  The  solu- 
tions  of  metals  which  have  a  weak  affinity  for  oxygen,  such  as  gold) 
platinum,  and  mercury,  are  completely  decomposed  by  it,  those  sub- 
stances being  precipitated  in  the  metallic  form.  Nitric  acid  converts 
it  instantly  into  sulphuric  acid^  by  yielding  some  of  its  oxygen.  The 
peroxide  of  manganese  causes  a  similar  change,  and  is  itself  convert* 
ed  into  the  protoxide  of  manganese,  which  unites  with  the  sulphuric 
add. 

Sulphtirous  acid  gas  may  be  passed  through  red-hot  lwh««  m^^wX. 
itompoMitioa.    Seven!  BuheUnces  which  have  n  Blioik^  ^€ai\Vs  \w 
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oxygen,  luch  as  hjdro|;eD,  earboD,  and  potaMhmiy  dMompote  k  it 
the  temperatare  of  ignition. 

Of  all  the  gasef ,  sulphurona  acid  is  moat  readily  liqaefied  by  cob- 
prenlon.  According  to  Mr  Faraday,  it  is  condensed  by  a  foree  eqoil 
to  the  pressure  of  two  atmospheres.  M.  Bussy  (Annals  of  FUt.  itt. 
807,  N.S.)  has  obtained  it  in  a  liquid  form  under  the  usual  atflBOspb» 
ie  pressure,  by  passing  it  through  tubes  surrounded  by  a  freeiingBta- 
ture  of  snow  and  salt.  The  anhydrous  liquid  acid  has  a  demMyaf 
1.45.  It  boils  at  14°  F.  From  the  rapidity  of  its  ovapoimtion  ateos^ 
mon  temperatures,  it  may  be  used  advantageooslv  for  prodacfng  anin- 
tense  degree  of  cold.  M.  Bussy  succeeded  in  freexing  mereuiy,  sai 
liquefying  several  of  the  gases,  by  the  cold  prodaeed  during  111  enh 
poration. 

Sulphurous  add  combines  with  metallic  oxides,  and  forma  aalts  wfakk 
are  called  tulphite$. 

Sulphuric  Add. 

Sulphuric  acid,  oi  oil  of  piiriol  as  it  is  often  called,  was  dbeovmd 
by  Basil  Valentine  towards  the  close  of  the  16th  century.  It  is  pie- 
cured  for  the  purposes  of  commerce  by  two  methods.  The  first  k  dis 
process  which  has  been  pursued  many  years  in  the  manufiu^My  it 
Nordhausen  in  Germany,  and  consists  in  decomposing  the  sulphati  sf 
the  protoxide  of  iron  (green  vitriol)  by  heat.  The  crystallised  protosol- 
phate  of  iron  contains  seven  proportionals  of  water  of  crystaUizatioB ; 
and  when  strongly  dried  by  the  fire,  it  crumbles  down  into  a  white 
powder,  which,  according  to  Dr  Thomson,  contains  one  proportioaal 
of  water.  On  exposing  this  dried  protosulphate  of  iron  to  a  red  beat, 
the  whole  of  the  sulphuric  acid  is  expelled,  the  greater  part  of  it  piss- 
ing over  unchanged  into  the  receiver,  in  combination  with  the  witer 
of  the  salt.  One  proportion  of  the  acid  is  resolved  by  the  strong  hsit 
employed  in  the  distillation  into  sulphurous  acid  and  oxygen.  The 
former  escapes  as  gas  throughout  the  whole  process  ;  the  latter  only 
in  the  middle  and  latter  stages,  being  retained,  in  the  beginning  of  the 
distillation,  by  the  protoxide  of  iron.  The  peroxide  of  iron  If  the  sole 
residue. 

The  acid,  as  procured  by  this  process,  is  a  dense,  oily  liquid  of  t 
brownish  tint.  It  emits  copious  white  vapours  on  exposure  to  the 
air,  and  is  hence  called /umin^  sulphuric  acid.  Its  specific  gravity 
is  stated  at  1.896  and  1.90. 

From  the  analysis  of  Dr  Thomson,  it  is  composed  of 

Anhydrous  sulphuric  acid  80      .        two  proportioas. 

Water  .  v  9      .        one  proportion. 

On  putting  this  acid  into  a  glass  retort,  to  which  a  receiver  aammid- 
ed  by  snow  is  securely  adapted,  and  applying  a  very  gentle  beat  to  tt. 
a  transparent  colourless  vapour  passes  over,  which  condenses  loto  t 
white  crystalline  solid.  This  substance  is  shown  by  the  expeiimsDli 
of  Thomson,  Ure,  and  Bussy,  to  be  pure  anhydrous  sulphuric  acid. 
It  is  tough  and  elastic,  liquenes  at  OO"*  F.  and  boils  at  a  tempeiaton 
between  104°  and  122°,  forming,  if  no  moisture  is  present,  a  traBapi- 
rent  vapour.  Exposed  to  the  air,  it  unites  with  watery  vapour,  ttd 
flies  off  in  the  form  of  dense  white  fumes.  The  residue  of  the  distil- 
lation is  no  longer  fuming,  and  is  in  every  respect  rimilar  to  the  eos- 
woa  acid  of  commerce. 

The  second  process  foTfoim\nfr«Av\^\n\e%,t.\d^¥ihi6h  la  pmetlsedin 
Britaia  and  in  most  parts  of  the  ConWunat^Na  \)i^  ^^ro^Sm%iRfii(^l«e- 
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'vioiuly  mixed  with  one-eighth  of  its  weight  of  nitrate  of  potassa.  The 
mixture  is  burned  in  a  furnace  so  contrived  that  the  current  of  air 
which  supports  the  combustion,  conducts  the  gaseous  products  into  a 
huge  leaden  chamber,  the  bottom  of  which  is  covered  to  the  depth  of 
several  inches  with  water.  The  nitric  acid  yields  oxygen  to  a  portion 
of  sulphur,  and  converts  it  into  sulphuric  acid,  which  combines  with 
the  portassa  of  the  nitre  ;  while  the  greater  part  of  the  sulphur  forms 
sulphurous  acid  by  uniting  with  the  oxygen  of  the  air.  The  nitric 
acid,  in  losing  oxygen,  is  converted  into  the  deutoxide  of  nitrogen, 
which,  by  mixing  with  air  at  the  moment  of  its  separation,  gives  rise 
to  the  red  nitrous  acid  vapours.  The  gaseous  substances  present  in 
the  leaden  chamber,  are,  therefore,  sulphurous  and  nitrous  acids,  at- 
mospheric air,  and  watery  vapour.  The  explanation  of  the  mode  in 
which  these  substances  react  on  one  another,  so  as  to  form  sulphuric 
acid,  was  suggested  by  Clement  and  Desormes,  (An.  de  Ch.  vol.  lix.) 
and  the  subject  has  been  put  in  a  still  clearer  light  by  Sir  H.  Davy. 
(Elements,  p.  276.)  On  mixing  together  dry  sulphurous  acid  gas  and 
nitrous  acid  vapour  in  a  glass  vessel  quite  free  from  moisture,  no 
change  ensues ;  but  if  a  drop  of  water  be  added,  so  as  to  fill  the  space 
with  vapour,  a  white  crystalline  solid  is  formed,  which  is  composed  of 
water  and  the  two  acids.  When  these  crystals  come  into  contact  with 
water,  the  sulphurous  acid  takes  oxygen  from  the  nitrous  acid,  the 
deutoxide  of  nitrogen  escapes  with  effervescence,  and  the  sulphuric 
add  is  dissolved  by  the  water. 

A  similar  change  takes  place  within  the  leaden  chamber.  The  crys- 
talline solid  is  decomposed  by  the  water  at  the  bottom  of  the  chamber, 
by  which  sulphuric  acid  is  generated,  and  the  deutoxide  of  nitrogen 
•et  free.  That  gas,  in  mixing  with  atmospheric  air,  is  again  converted 
into  nitrous  acid,  and  thus  gives  rise  to  the  formation  of  a  second  por- 
tion of  the  crystalline  solid,  which  is  resolved,  like  the  preceding,  into 
sulphuric  acid  and  the  deutoxide  of  nitrogen.  These  successive  com- 
binations and  decompositions  continue  till  the  water  is  sufficiently 
charged  with  sulphuric  acid,  when  it  is  drawn  off  and  concentrated  by 
evaporation. 

It  heoce  appears  that  the  oxygen  by  which  the  sulphurous  is  con- 
verted into  sulphuric  acid,  is  in  reality  supplied  by  the  air;  and  that 
the  combination  is  effected,  not  directly,  but  through  the  medium  of 
the  nitrous  acid.  The  decomposition  of  the  crystalline  solid  by  water 
leems  owing  to  the  affinity  of  the  water  for  sulphuric  acid. 

Sulphuric  acid,  as  thus  prepared,  is  never  quite  pure.  It  contains 
some  sulphate  of  potassa  and  of  lead,  the  former  derived  from  the  nitre 
employed  in  making  it,  the  latter  from  the  leaden  chamber.  To  sepa- 
rate these  impurities,  the  acid  should  be  distilled  from  a  glass  or  plati- 
num retort.  The  former  may  be  used  with  safety  by  putting  some 
fragments  of  platinum  leaf  into  it,  which  causes  the  acid  to  boil  freely 
GO  the  application  of  heat  without  danger  of  breaking  the  vessel. 

Pure  sulphuric  acid,  as  obtained  by  the  second  process,  is  a  dense, 
colourless,  oily  fluid,  which  boils  at  620°  F,  and  has  a  specific  gravity, 
in  Its  most  concentrated  form,  of  1.847  or  a  little  higher,  never  exceed- 
ing 1.850.  It  is  one  of  the  strongest  acids  with  which  chemists  are 
acquainted.  When  undiluted  it  is  powerfully  corrosive.  It  decom- 
poses all  animal  and  vegetable  substances  by  the  aid  of  heat,  causing 
deposition  of  charcoal  and  formation  of  water.  It  has  a  strong  sour 
taste,  and  reddens  litmus  paper,  even  though  greatly  diluted.  It 
unites  with  alkaline  substances,  and  separates  all  other  acvda  moi^  ot 
less  completely  from  their  combinatioDs  with  the  a\kaViea. 
Sulpburie  acid  tgs  a  very  great  affinity  for  water,  and  umUs  Wv^^iNX. 
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in  every  proportion.  The  combiDation  takes  phca  with  the  ynAne* 
tion  of  intense  lieat.  When  four  p«rts  bj  weight  of  the  add  aie  ■iid< 
deniy  mixed  with  one  of  water,  (he  temperature  of  the  mixture  riieif 
according  to  Dr  Ure,  to  300'  F.  By  its  attraction  for  water  it  eauses  tbs 
sudden  liquefaction  of  snow  ;  and  if  mixed  with  It  in  due  proportioo, 
(p.  53,)  an  intense  degree  of  cold  is  generated.  It  absorbs  wateiy 
vapour  with  avidity  from  tlie  air»  and  on  this  account  Is  employed  io 
the  process  for  freezing  water  by  its  own  evaporation.  The  opeiatioo 
of  sulphuric  acid  in  destroying  the  texture  of  the  skin.  In  fomlag 
ethers,  and  in  decomposing  animal  and  vegetable  substances  in  geoe- 
ral,  seems  dependent  on  its  affinity  for  water. 

The  sulphuric  acid  of  commerce  freezes  at  — 15*  F.  Diluted  with 
water  so  as  to  have  a  specific  gravity  of  1.78,  it  congeals  even  above 
82°,  and  remains  in  the  solid  state,  according  to  Mr  Keir,  till  the  tea- 
perature  rises  to  45°.  When  mixed  with  rather  more  than  its  weight 
of  water,  its  freezing  point  is  lowered  to  — 36^  F. 

When  sulphuric  acid  is  passed  through  a  small  porcelain  tube  heat- 
ed to  redness,  it  is  entirely  decomposed  ;  and  Gay-Lussac  found  thai 
it  is  resolved  into  two  measures  of  sulphurous  acid  and  one  of  ozygco. 
Hence  it  follows  that  real  sulphuric  acid  is  composed  of 

Sy  Weight,  By  FbliOM. 

Sulphur    .    16    one  p.  Vapour  of  salphur      100 

Oxygen    .    24    three  p.  Oxygen  gas  .      160 

and  its  atomic  weight  is  40.  Berzelius  ascertained  its  composfdoa  bf 
converting  a  known  weight  of  sulphur  into  sulphuric  acid ;  and  his  it* 
suit  confirms  the  conclusion  of  Gay-Lussac. 

Chemists  possess  an  unerring  test  of  the  presence  of  sulphuric  aeid. 
If  a  solution  of  muriate  of  baryta  is  added  to  a  liquid  containing  lot- 
phuric  acid,  it  causes  a  white  precipitate,  the  sulphate  of  baryta,  which 
is  characterized  by  its  insolubility  in  acids  and  alkalies. 

Sulphuric  acid  does  not  occur  free  in  nature,  except  occadooally  ia 
the  neighbourhood  of  volcanoes.  In  combination^  particularly  wHh 
lime  and  baryta,  it  is  very  abundant. 

HyposulphuroiM  acid. — This  acid  may  be  formed  either  by  diieit- 
ing  sulphur  in  a  solution  of  any  sulphite ;  or  by  passing  a  current  of  sof- 
phurous  acid  into  a  solution  of  the  hydrosulphuret  of  lime  or  stroD* 
tia.  In  the  first  case,  the  sulphurous  acid  takes  up  an  additional  qon- 
tity  of  sulphur,  and  a  salt  of  hyposulphurous  acid  is  obtained ;  and  to 
the  second,  (be  sulphurous  acid  is  deprived  of  one- half  of  Its  ozysen  by 
the  hydrogen  of  the  sulphuretted  hydrogen,  while  the  other  halfof  the 
oxygen  unites  both  with  the  sulphur  of  the  sulphurous  acid  and  ef 
the  sulphuretted  hydrogen,  to  form  hyposulphurous  acid.  If  the  hy- 
drosulphuret of  lime  employed  contains  bisulphuretted  hydrogen,  tf 
is  the  case  when  lime  and  sulphur  are  boiled  4ogether,  the  aetioa  ef 
sulphurous  acid  is  accompanied  by  precipitation  of  sulphur.  Mr  He^ 
schel  states  that  hyposulphurous  arid  may  be  formed  by  the  aetioa  of 
sulphurous  acid  on  iron  filings ;  but  the  nature  of  the  change  is  not 
well  understood. 

The  salts  of  hyposulphurous  acid  were  first  described  by  Gay-Lu^ 

sac  in  the  85th  volume  of  the  ^Annales  de  Chimie,  under  the  name  of 

Sulphuretted  Sulphites,    Dr  Thomson  in  his  System  of  ChemlftiT 

suggested  that  the  acid  of  these  salts  might  be  regarded  as  a  compom 

of  one  equivalent  of  sulphur  and  one  of  oxygen,  and  proposed  for  It 

the  name  of  hyposulphuroMA  «c\d.    TVie  «vLb«ecviient  researches  of  Mr 

Henche)  (Edinburgh  P\u\o6. 3o\in\«\A>^  vc^^^'^^^«cck«^^Ai^<nch 

direct  analytic  proof  of  Ibe  c6n«c\A««aot  i^«  o^Va^v^^^QcAX^^'wa 
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ndTenally  tdopted  ;  but  it  appears  from  a  Tery  recent  esray  by  Dr 
rboDfOO,  (bat  tbis  view  of  its  composition  is  nevertheless  erroneous, 
ind  that  the  acid  consists  of  82  parts  or  two  equivalents  of  sulphur, 
ind  8  parts  or  one  equivalent  of  oxygen.  Its  combining  proportion 
is,  therefore,  40.  (On  the  Compounds  of  Chromium,  Pbilos.  Trans. 
For  1S27.) 

Hyposulpburous  acid  cannot  exist  permanently  in  a  free  state.  ^)ii 
iecomposing  a  hyposulphite  by  any  stronger  acid,  such  as  the  sulphu- 
ric or  muriatic,  the  byposuiphuruus  acid,  at  the  moment  of  quitting  the 
base,  resolves  itself  into  sulphurous  acid  and  sulphur.  Mr  Herschel 
succeeded  in  obtaining  free  hyposulpburous  acid,  by  adding  a  slight 
excess  of  sulpburic  acid  to  a  dilute  solution  of  the  hyposulphite  of 
Hrootia ;  but  its  decomposition  very  soon  took  place,  even  at  common 
temperatures,  and  was  instantly  effected  by  heat.  Most  of  the  bypo- 
luipmtes  are  soluble  in  water,  and  have  a  bitter  taste.  The  solution 
precipitates  the  nitrate  of  silver  and  mercury  black,  as  the  sulphuret  of 
the  metals ;  and  salts  of  lead  and  baryta  are  thrown  down  as  white  in- 
loluble  hyposulphites  of  those  bases.  That  of  baryta  is  soluble  with- 
out decomposition  in  water  acidulated  with  muriatic  acid.  The  solution 
of  all  the  neutral  hyposulphites  has  the  peculiar  property  of  dissolving 
recently  precipitated  chloride  of  silver  in  large  quantity,  and  forming 
irlth  it  »  liquid  of  an  exceedingly  sweet  taste. 

Dt  Thomson,  in  the  essay  above  quoted,  mentions  that  an  acid  ex- 
ills  composed  of  one  equivalent  of  sulphur  and  one  of  oxygen;  but 
be  has  given  do  description  of  it. 

Bypostdphurie  ^cid. — The  hyposulpburic  acid  was  discovered  la 
819  by  Welter  and  Gay-Lussac,  who  published  their  description  of  it 
1  the  10th  vol.  of  the  Ann.  de  Ch,  et  de  Physique,  It  is  formed  by 
asaing  a  current  of  sulphurous  aCid  gas  through  water  containing  per- 
side  of  manganese  in  fine  powder.  The  man^nese  yields  oxygen 
>  the  sulphurous  acid,  converting  one  part  of  it  into  sulphuric,  and 
QOther  part  into  the  hyposulpburic  acid,  both  of  which  unite  with  the 
rotoxide  of  manganese.  To  the  liquid,  after  filtration,  a  solution  ot 
ure  baryta  is  added  in  slight  excess,  which  precipitates  the  protoxide 
f  manganese,  and  forms  an  insoluble  sulphate  of  baryta  with  the 
ilpburic,  and  a  soluble  hyposulphate  with  the  hyposulpburic  acid. 
be  hyposulphate  of  baryta  is  then  decomposed  by  a  quantity  of 
ilpburic  acid  exactly  sufficient  for  precipitating  the  baryta,  and  the 
yposul^buric  acid  is  left  in  solution. 

TTiis  compound  reddens  litmus  paper,  has  a  sour  taste,  and  forms 
eutral  salts  with  the  alkalies.    It  has  no  odour,  by  which  circumstance 

it  distinguished  from  sulphurous  acid.  It  cannot  be  confounded 
'ith  the  sulphuric  acid ;  for  it  forms  soluble  salts  with  baryta,  strontia, 
me,  and  the  oxide  of  lead,  whereas  the  compounds  which  sulphuric 
cid  forms  with  those  bases  are  all  insoluble.  The  hyposulpburic  acid 
tnnot  be  obtained  free  from  water.  Its  solution,  if  confined  with  a 
eaael  of  sulphuric  acid  under  the  exhausted  receiver  of  an  air-pump, 
lay  be  concentrated  till  it  has  a  density  of  1.S47 ;  but  if  an  attempt  is 
lade  to  condense  it  still  further,  the  acid  is  decomposed,  sulphurous 
cid  gat  eacapes,  and  sulphuric  acid  remains  in  solution.  A  similar 
bange  is  still  more  readily  produced,  if  the  evaporation  is  conducted 

J  beat. 

Welter  and  Gay-Lussac  analyzed  the  hyposulpburic  acid  by  apply- 
Bg  heat  to  the  neutral  hyposulphate  of  baryta.    At  a  temperature  a 
itde  above  212°  F.  this  salt  suffers  complete  decompoaxWon^  %\i\\\!kM- 
oua  acid  gaj  is  disengaf^ed,  and  a  neutral  sulphate  o{  b^T^Xai  \«  oX^vklw- 
rf.    They  aseeriMiaed  in  this  way,  that  seventy-two  ^Ta\ii«  ol  Yv^^o 
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flulphuric  acid  yield  thirty-two  grains  of  sulphorous,  and  fbrty  ot  sol* 
phuric  acid ;  from  which  it  is  inferred  that  the  hypoaulphuric  acid  ii 
composed  either  of  an  equivalent  of  each  of  those  acids,  comMoed 
directly  with  one  another,  or  of  two  equivalents  of  sulphur,  and  five 
of  oxygen.  Regarded  as  a  definite  compound  of  sulphur  and  oxygen, 
its  composition  is, 

Sulphur  .        32        two  proportionals. 

Oxygen        •  40        five  proportionals. 

72 

Its  combining  proportion,  whichever  opinion  is  adopted,  is  72. 


SECTION  VIII. 


PHOSPHORUS. 

Phosphorus  was  discovered  about  the  year  1669  hy  Brandt,  tD  al* 
chemist  of  Hamburgh.  It  w.^s  originally  prepared  nrom  aiine',  but 
Scheele  afterwards  described  a  method  of  obtaining  it  from  bones. 
The  object  of  both  processes  is  to  bring  phosphoric  add  in  contact 
with  charcoal  at  a  strong  red  heat.  The  charcoal  takes  oxygen  from 
the  phosphoric  acid ;  carbonic  acid  is  disengaged,  and  phospnoms  set 
free.  When  urine  is  employed,  the  phosphoric  acid  contained  in  it 
should  be  separated  by  a  solution  of  the  acetate  of  lead.  The  phos- 
phate of  lead  subsides,  which,  if  heated  to  redness  with  one-fourth  of 
its  weight  of  powdered  charcoal,  yields  phosphorus  readily.  If  bones 
are  to  be  used,  they  should  first  be  ignited  in  an  open  fire  till  they  be- 
come quite  white,  so  as  to  destroy  all -the  animal  matter  they  contain, 
and  oxidize  the  carbon  proceeding  from  its  decomposition.  Hie 
calcined  bones,  of  which  phosphate  of  lime  constitutes  nearly  four- 
fifths,  should  be  reduced  to  fine  powder,  and  digested  for  a  day  or 
two  with  half  their  weight  of  concentrated  sulphuric  acid,  so  much 
water  being  added  to  the  mixture  as  to  give  it  the  consistence  of  tlno 
paste.  The  phosphate  of  lime  is  decomposed  by  the  sulphuric  add, 
and  two  new  salts  are  generated, — the  sparingly  soluble  neutral  snl- 
phate,  and  a  soluble  super-phosphate  of  lime.  On  the  addition  of 
boiling  water  the  super-phosphate  is  dissolved,  and  may  be  separated 
by  filtration  from  the  sulphate  of  lime.  The  solution  is  then  evaporat- 
ed to  the  thickness  of  syrup,  mixed  with  one-fourth  of  its  weiefat  of 
charcoal  in  powder,  and  heated  in  an  earthen  retort  well  lutea  with 
clay.  The  beak  of  the  retort  is  put  into  water,  in  which  the  phos- 
phorus, as  it  passes  over  in  the  form  of  vapour,  is  collected.  When 
first  obtained,  it  is  frequently  of  a  reddish*  brown  colour,  owing  to  the 
presence  of  phosphuret  of  carbon,  which  is  generally  formed  during 
the  process.  It  may  be  purified  by  being  put  into  hot  water,  and  pres- 
sed while  liquid  through  chamois  leather;  or  the  purification  may  be 
rendered  still  more  complete  by  a  second  distillation. 

Pure  phosphorus  is  transparent  and  almost  colourless.     It  is  so  soft 

that  it  may  be  cut  with  a  knife,  and  the  cut  surface  has  a  waxy  lustre. 

At  the  temperature  of  lOS*"  F.  it  fuses,  and  at  560°  is  converted  hits 

vapour.    It  is  soluble  by  the  aid  of  heat  in  naphtha,  in  fixed  and 

volatile  oils,  and  in  the  chloride,  caTbvkt«iX,  %u^  \tVM\\ixM«t.  of  sulpbor. 

On  cooling  from  its  solution  \n  the  \aUeT,l?TO^e%«ox  'M!v\««^a»{fti&  <c^ 

iaiaed  it  in  regular  dodecahedial  cryal^Xa.    "B>j  X\k^  Iwiwci  voA  ^wr 
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u>orui|;  of  a  large  quantity  of  phosphorus,  M.  Frtntween  bai  obtained 
ftry  Sae  ciyatals  of  an  octahedral  form,  and  as  large  as  a  eherry- 
itooe. 

Phosphorus  is  exceedingly  inflammable.  Exposed  to  the  air  at  com- 
iOD  temperatures,  it  undergoes  a  slow  combustion ;  emits  a  white 
ipour  oia  peculiar  alliaceous  odour,  appears  distinctly  luminous  in 
le  dark,  and  is  gradually  consumed.  On  tills  account,  phosphorus 
lould  always  be  kept  under  water.  The  disappearance  of  oxygen 
hich  accompanjes  these  changes  is  shown  by  putting  a  stick  of  phos- 
lorus  In  a  jar  full  of  air,  inverted  over  water.  The  volume  of  the 
is  gradually  diminishes,  and  if  the  temperature  of  the  air  Is  at  60,  F. 
e  whole  of  the  oxygen  will  be  withdrawn  in  the  course  of  12  or  24 
lurs.  The  residue  is  nitrogen  gas,  containing  about  l-40th  of  its 
ilk  of  the  vapour  of  phosphorus.  It  is  remarkable  that  the  slow 
imbusUon  of  phosphorus  does  not  take  place  in  pure  oxygen,  unless 
I  temperature  be  about  80°.  But  if  the  oxygen  is  diluted  with  ni- 
osen,  hydrogen,  or  carbonic  acid  gas,  the  oxidation  occurs  at  60° ; 
id  it  takes  place  at  temperatures  still  lower  in  a  vessel  of  pure  oxy- 
»D,  rarefied  by  diminished  pressure*.    I  have  been  favoured  with  the 

*  If  a  stick  of  dry  phosphorus  be  dusted  over  with  powdered 
sin  or  sulphur,  and  then  introduced  under  the  receiver  of  an  air- 
imp,  it  will  be  found  that,  as  soon  as  the  exhaustion  commences, 
le  phosphorus  will,  become  luminous,  which  appearance  increases  as 
te  rarefaction  proceeds,  until  finally  the  phosphorus  inflames.  Van 
emmeleo,  who  first  attempted  to  account  for  this  phenomenon,  attri- 
itesit  to  the  combination  of  the  sulphur  or  resin  with  the  phosphorus, 
leunioBof  which,  accelerated  by  the  influence  of  the  vacuum,  gives 
•eto  the  evolution  of  so  much  heat,  as  to  inflame  the  phosphorus,  or 
le  new  compound  formed.  Berzelius  rejects  this  explanation,  as  it  does 
ot  account  for  an  experiment  by  Van  Bemmelen,  in  which  phosphorus 
mm  found  to  take  fire  under  an  exhausted  receiver,  when  merely  en- 
eloped  with  cotton.  Berzelius,  TraitS  de  Chimie,  i.  260. 
Professor  A.  D.  Bache,  of  the  University  of  Pennsylvania,  has  re- 
eated  and  extended  the  experiments  of  Van  Bemmelen,  and  has  had 
le  goodness  to  cooununicate  to  me  an  abstract  of  his  results,  which 
re  as  follows: — 

Professor  Bache  succeeded  in  producing  the  inflammation  of  the 
hosphorus,  under  the  circumstances  above  mentioned,  by  means  of 
lie  following  substances  in  a  finely  divided  state,  in  addition  to  those 
mployed  by  Van  Bemmelen : — 

Carbon,  in  the  form  of  ivory  black      Lime, 
and  wood-charcoal.  Peroxide  of  manganese. 

Spongy  platinum.  Hydrate  of  potassa. 

Antimony.  Muriate  of  ammonia. 

Arsenic.  Chloride  of  Sodium. 

Bisulphuret  of  mercury.  Fluate  of  lime. 

Sulphuret  of  antimony.  Carbonate  of  lime. 

Silica. 
Sulphur  and  charcoal  were  the  substances  which  succeeded  most 
eadily.     With  metallic  arsenic  there  was  much  difficulty.    The  tern- 
•erature  of  the  room  has  great  influence  on  the  success  of  the  experi- 
nents. 

Professor  Bache  is  of  opinion  that  some  of  his  experiments  are 
in&f  ourable  to  the  explanation  of  Van  Bemmelen  ;  as  for  eia.icv^\«> 
hoM  with  carbonate  of  Jime  and  fluorspar,  wbicbf  Ihou^Vtk^om- 
lu^^StiemibBtukcet,  Mci  with  tbe  same  energy  as  Bulphui  oi  caxY^oti.  ^  < 
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following  curious  facts  by  Mr  Graham,  who  is  at  present  occupied 
with  the  iuFestigation  of  this  subject.  He  finds  that  the  presence  of 
certain  gaseous  substances,  even  in  minute  quantity,  nave  a  ra> 
marlcable  effect  in  preventing  the  slow  combustion  of  phoapheroi. 
Thus  at  66°  F.  it  is  entirely  prevented  by  the  presence  of 

Volume$  ofmr. 
1  volume  of  olefiant  gas  in  450 

1    ditto    of  vapour  of  sulphuric  ether  in  150 

1    ditto    of  vapour  of  naphtha  in  1820 

1    ditto    of  vapour  of  oil  of  turpentine  in  4444 

and  by  an  equally  slight  impregnation  of  the  vapour  of  the  other  ai- 
sential  oils.  Their  influence  is  not  confined  to  low  temperatniM* 
Phosphorus  becomes  faintly  luminous  in  the  dark,  in  miztuiee  of 

1  volume  of  air  and  1  volume  of  olefiant  ns  at  200"  F*. 

1        .  and  1    ditto   of  vapour  of  ether  at  216^ 

111  and  1    ditto   of  vapour  of  naphtha  at  170* 

166  and  1    ditto   of  vapour  of  turpentine  at       186" 

Phosphorus  may  be  sublimed  at  its  boiling  temperature  in  air  cob- 
taining  a  considerable  proportion  of  the  vapour  of  oil  of  turpentlMt 
without  diminishing  the  quantity  of  oxygen  present,  provided  theliait 
is  gradually  and  uniformly  applied.  Mr  Graham  has  also  remained, 
that  the  oxidation  of  phosphorus  in  air  is  promoted  by  the  presence  of 
muriatic  acid  gas. 

A  very  slight  degree  of  heat  is  sufficient  to  inflame  phosphoros  in 
the  open  air.  Gentle  pressure  between  the  fingers,  friction,  or  a  tem- 
perature not  much  above  its  point  of  fusion,  kindles  it  readily.  It 
burns  rapidly  even  in  the  air,  emitting  a  splendid  white  light,  and 
causing  intense  heat.  Its  combustion  is  far  more  rapid  in  oxygen  gas, 
and  the  light  proportionably  more  vivid. 

Compounds  of  Phosphorus  and   Oxygen. — Phos* 

phoric  Add. 

Of  the  compounds  of  phosphorus  and  oxygen,  phoipharie  aeU  is 
by  far  the  most  interesting  and  important.  This  acid  may  be  obtained 
in  a  state  of  perfect  purity  by  burning  phosphorus  in  air  or  oiygen 
gas.  Copious  white  vapours  are  produced,  which  fall  to  the  bottom 
of  the  vessel  like  flakes  of  snow.  In  this  state  it  is  the  soUd  anhy- 
drous phosphoric  acid.  From  its  powerful  affinity  to  water,  it  attrads 
watery  vapour  rapidly  from  the  atmosphere,  and  in  the  course  of  two 
or  three  minutes  appears  in  the  form  of  minute  drops  of  liquid,  which 
is  a  solution  of  phosphoric  acid  in  water. 

Phosphoric  acid  may  be  conveniently  formed  by* the  action  of  aitiie 
acid  on  phosphorus.  The  phosphorus  takes  oxygen  from  the  nitde 
acid,  and  a  large  quantity  of  deutoxide  of  nitrogen  is  disengaged ;  but 
as  the  reaction  is  apt  to  be  very  violent,  the  process  ought  to  be  eon- 
ducted  with  caution.  It  is  best  done  by  adding  fragments  of  phospho- 
rus to  concentrated  nitric  acid  contained  in  a  platinum  capsule.  Gen- 
tle heat  is  applied  so  as  to  commence,  and,  when  necessaiy,  to 
maintain  moderate  effervescence ;  and  when  one  portion  of  phos- 
phorus disappears,  another  is  added,  till  the  whole  of  the  nitric  aiod  ii 
exhausted.  The  solution  is  then  evaporated  to  dryness,  and  exposed 
to  a  red  heat  to  expel  the  last  traces  of  nitric  acid.  Itie  last  part  of 
this  prdtess  must  be  performed  in  vessels  of  platinum,  since  pboopbo- 

ric  acid  acts  chemically  upon  thoae  ot  f^«aa  ot  ^otcelain,  and  is  tbere- 

bjr  rendered  impure. 
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Phoipborie  acid  may  be  prepared  at  a  much  cheaper  rate  from 
bones.  For  this  purpose,  the  super-phosphate  of  lime,  obtained  in 
the  waj  already  described,  should  be  boiled  for  a  few  minutes  with 
excess  of  the  carbonate  of  ammonia.  The  lime  is  thus  precipitated 
as  a  carbonate*,  and  the  solution  contains  phosphate,  together  with  a 
little  sulphate,  of  ammonia.  The  liquid,  after  filtration,  is  evaporated 
to  dryness,  and  then  ignited  in  a  platinum  crucible,  by  which  the 
ammonia  and  sulphuric  acid  are  expelled. 

Solid  phosphoric  acid  unites  with  water  In  every  proportion,  and 
forms,  if  concentrated,  a  dense  oily  liquid.  On  heating  the  solution 
in  a  platinum  vessel,  the  greater  part  of  the  water  is  driven  off;  the 
residue  fuses  at  a  low  red  h&at,  and  concretes  on  cooling  into  a  brittle 
glass,  called  glaeicU  phosphoric  add.  This  substance  is  a  hydrate  of 
phosphoric  acid,  which  cannot  be  decomposed  by  the  fire ;  for  on  ex- 
posing it  to  a  strone  red  heat,  with  the  view  of  expelling  the  water, 
the  compound  itself  is  volatilized,  and  in  open  vessels  sublimes  with 
considerable  rapidity.  It  is  erroneously  said  to  be  fixed  at  intense 
degrees  of  heat,  this  character  applying  to  the  acid  only  in  its  impure 
state,  as  when  combined  with  earthy  or  alkaline  substances.  The 
composition  of  the  glacial  phosphoric  acid  is  not  yet  established  ;  for 
while  M.  Dulong  reports  it  to  contain  17.08  per  cent  of  water,  M. 
Rose  found  only  9.44  per  cent.  (Poggendorfi*sAnnalen,yiII.  201.) 
The  analysis  of  Rose,  though  not  rigidly  exact,  is  I  suspect  not  far 
from  the  truth.  The  acid  after  being  fused  in  glass  vessels  is  anhy- 
drous. 

Phosphoric  acid  is  intensely  sour  to  the  taste,  reddens  litmus  paper 
strongly,  and  neutralizes  alkalies.  It  is,  therefore,  a  powerful  acid ; 
but  it  does  not  destroy  the  texture  of  the  skin  like  sulphuric  and  nitric 
acids.  It  may  be  distinguished  from  all  other  acids  by  the  following 
circumstances : — that  when  carefully  neutralized  by  pure  carbonate  of 
soda  or  potassa,  it  forms  a  solution  in  which  no  precipitate  or  change 
of  colour  to  produced  when  a  stream  of  sulphuretted  hydrogen  gas  is 
passed  through  it ;  but  which  is  precipitated  white  by  a  solution  of 
the  acetate  of  lead,  and  yellow  by  the  nitrate  of  silver.  The  first 
precipitate,  the  phosphate  of  lead,  dissolves  completely  on  the  addi- 
tion of  nitric  or  phosphoric  acid ;  the  second,  the  pliosphate  of  silver, 
is  dissolved  by  both  these  acids,  and  also  by  ammonia. 

The  compositioD  of  phosphoric  acid  has  been  investigated  by  Sir 
H.  Davy,  Dr  Thomson,  Berzelius,  and  M.  Dulong.  The  subject  is 
one  of  much  difficulty,  and  the  results  of  the  two  former  chemists 
differ  widely  from  those  of  the  two  latter.  Dr  Thomson  infersf  from 
experiments  made  by  Sir  H.  Davy  and  himself,  (and  his  estimate  is 
generally  adopted  in  this  country),  that  28  is  the  combining  proportion 
of  phosphoric  acid,  and  that  it  consists  of  12  parts,  or  what  he  consid- 
efs  one  equivalent  of  phosphorus,  and  16  parts  or  two  equivalents  of 
oxygen.  A  variety  of  circumstances,  however,  which  it  is  not  mate- 
rial to  mention  at  present,  induce  me  to  doubt  the  accuracy  of  Dr 
Thomson's  experiments  on  this  subject ;»  and  I  shall  therefore  adopt 
the  results  of  Berzelius  as  preferable.  According  to  the  researches  of 
thto  chemist,  as  well  as  of  M.  Dulong,  the  oxygen  contained  in  the 
phosphorous  and  phosphoric  acids  is  in  the  ratio  of  1.5  to  2.5,  or  3  to 


•  Dr.  Turner  Is  inaccurate  here.  The  ammonia  neutralizes  the  ex- 
cess of  phosphoric  acid,  the  carbonic  acid  is  evolved,  and  the  lime 
precipitates  as  a  neutral  phosphate.    B. 

f  Fint  Principleg,  vol  L  p.  203. 
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5 ;  and  the  former  states  phosphoric  acid  to  consist  of  66  parts  of  ox- 
ygen and  44  of  phosphorus.  Now,  judging  from  the  composition  of 
the  phosphates,  analyzed  by  Berzelius  and  Mitscherlicb,  and  from  the 
data  just  mentioned,  we  may  regard  85.71  as  the  combining  propor- 
tion of  phosphoric  acid,  and  this  acid  itself  as  a  compound  of  15.71 
parts  or  one  proportion  of  phosphorus,  and  20  parts  or  two  equivalents 
and  a  half  of  oxygen.  Berzelius  considers  this  acid  as  a  compound  of 
two  atoms  of  phosphorus  and  five  atoms  of  oxygen,  and  therefore 
doubles  the  preceding  numbers*. 

Phosphorous  Add. — When  phosphorus  is  heated  in  highly  iinfied 
air,  imperfect  oxidation  ensues,  and  the  phosphoric  and  pbosphorooi 
acids  are  both  generated,  the  latter  being  obtained  in  the  form  of  a 
white  volatile  powder.  In  this  state  it  is  anhydrous.  Heated  In  the 
open  air,  it  takes  fire,  and  forms  phosphoric  add;  but  if  exposed  to 
heat  in  close  vessels,  it  is  resolved  into  phosphoric  acid  and  phospho- 
rus. It  dissolves  readily  in  water,  has  a  sour  taste,  and  smells  sone- 
whatlike  garlic.  It  unites  with  alkalies,  and  forms  salts  whicliars 
termed  phosphiies.  The  solution  of  phosphorous  acid  absorbs  oxygen 
slowly  from  the  air,  and  is  converted  into  phosphoric  acid.  From  Its 
tendency  to  unite  with  an  additional  quantity  of  oxyg^en,  it  is  a  powe^ 
fill  deoxidizing  agent ;  and,  hence,  like  sulphurous  acid,,  precipititcs 
mercury,  silver,  platinum,  and  gold,  from  their  saline  combinalioos  in 
the  metallic  form.  Nitric  acid,  olcourse,  converts  it  into  phosphoric  add* 

Phosphorous  acid  may  be  procured  more  conveniently  by  subliming 
phosphorus  through  powdered  corrosive  sublimate,  (a  compound  of 


*  Considering  the  uncertainty  in  which  the  composition  of  the  adds 
of  phosphorus  is  still  involved,  it  is  to  be  regretted  that  Dr  Turner  hu 
thought  proper  to  adopt  the  analytic  results  of  Berzelius  and  Dulong 
respecting  these  compounds,  which  has  the  effect  of  giving  a  neir 
equivalent  number  for  phosphorus,  and  a  different  view  of  the  number 
of  equivalents  found  in  them.  As  the  subject  cannot  yet  be  consider- 
ed as  decided,  it  would  have  been  better  to  wait  until  further  research- 
es had  finally  settled  the  question  of  their  composition,  rather  than 
hastily  reject  the  numbers,  which  have  heretofore  been  almost  oni- 
versally  adopted  by  the  British  and  American  chemists.  It  deserves 
to  be  mentioned  that  the  composition  of  phosphoric  acid,  as  ffiven  by 
Dr  Thomson,  which  coincides  nearly  with  the  analysis  of  Sir  H.Davy, 
is  not  materially  different  from  the  results  of  Berzelius,  who  states 
it  to  be  56  parts  of  oxygen  and  44  of  phosphorus.  Now  the  proportions 
of  16  parts  of  oxygen  and  12  of  phosphorus  will  give  in  the  100  parts, 
57.1  parts  of  oxygen  and  42.9  parts  of  phosphorus.  This  Is  a  virtoal 
agreement  in  the  analysis  of  this  acid,  and,  therefore,  the  discrepancy 
relates  to  its  saline  equivalent.  Berzelius  finds  this  to  be  85.71,  and 
Dr  Thomson  believes  it  to  be  28.  The  difficulty  certaUily  rests  here, 
and  it  must  be  acknowledged  that  there  is  a  strong  probability  that 
Berzelius's  number  is  correct ;  as  it  is  not  easy  to  see  how  he  could  be 
mistaken  in  his  analyses  of  the  phosphates.  ,  Still  it  appears  inexpe- 
dient to  abandon  the  numbers  generally  received,  with  a  view  to 
adopt  others,  which  cannot  yet  bo  considered  as  fully  established. 
The  substitution  in  this  case  is  peculiarly  unfortunate,  as  It  admits  a 
fractional  number  to  represent  phosphorus,  and  adopts  fractional  equi* 
valents  for  the  oxygen  both  of  phosphorous  and  phosphoric  acids. 
It  ought  to  be  a  strong  case  of  analytic  proof  that  would  justify  the 
author  in  adopting  numbers  bo  little  in  accordance  with  tne  laws  of 
cotnbinatioD.    B. 
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rhlorioe  and  mercury,]  contained  in  a  glass  tube*.  A  limpid  liquid 
romea  over  which  is  a  compound  of  chlorine  and  phosphorus.  When 
his  eubatance  is  pat  into  water,  a  peculiar  change  occurs.  A  portion 
»f  water  is  decomposed ;  its  hydrogen  unites  with  the  chlorine,  and 
orms  muriatic  acid  ;  while  the  oxygen  attaches  itself  to  the  phospho- 
us,  by  which  phosphorous  acid  is  produced.  The  sohidon  is  then 
iTaporated  to  the  consistence  of  syrup  to  expel  the  muriatic  acid ;  and 
he  residue,  which  is  the  hydrate  of  phosphorous  acid,  becomes  a 
crystalline  solid  on  cooling.  On  heating  this  hydrate  in  close  vessels, 
:he  elements  of  the  water  and  acid  react  on  each  other,  forming 
;>hospfaorle  acid  and  a  gaseous  compound  of  hydrogen  and  phospho- 
rus. The  nature  of  this  eas  will  be  more  particularly  noticed  in  the 
lection  on  phosphuretted  hydrogen. 

Phosphorous  acid  is  also  generated  during  the  slow  oxidation  of 
phosphorus  in  atmospheric  air.  The  product  attracts  moisture  from 
the  air,  and  forms  an  oily-like  liquid.  M.  Dulong  thinks  that  a  dis- 
tinct acid  is  (generated  in  this  ca6e,  which  he  calls  phosphatic  acid  ; 
but  the  opinion  of  Sir  H.  Davy,  that  it  is  merely  a  mixture  of  phos- 
phoric and  phosphorous  acids  is,  I  conceive,  correct. 

The  composition  of  the  phosphorous,  like  that  of  phosphoric  acid, 
is  not  yet  satisfiictorily  ascertained.  Sir  H.  Davy  and  Dr  Thomson 
consider  the  oxygen  in  the  two  acids  as  1  to  2,  while  according  to 
Dulong  and  Berzelius  the  proportion  is  as  3  to  5. 

jffypophospharous  Jleid, — This  acid  was  discovered  in  1816  by 
M.  Dulongtf  and  is  produced  by  the  action  of  water  on  the  phosphu- 
ret  of  baryta.  The  water  suffers  decomposition  ;  its  elements  unite 
with  different  portions  of  phosphorus,  by  which  three  compounds, 
phosphuretted  hydrogen,  phosphoric  acid,  and  hypopbosphorous  acid, 
are  generated.  The  first  escapes  in  the  form  of  gas ;  and  the  two 
latter  combine  with  the  baryta.  The  hypophosphite  of  baryta,  being 
soluble,  dissolves  in  the  water,  and  may  consequently  be  separated 
by  filtration  from  the  phosphate  of  baryta,  which  is  insoluble.  On 
adding  a  sufficient  quantity  of  sulphuric  acid  for  precipitating  the  ba- 
ryta, the  hypopbosphorous  acid  is  obtained  in  a  free  state.  On  evapo- 
rating the  solution,  a  viscid  liquid  remains,  highly  acid  and  even 
crystallizable,  which  is  a  hydrate  of  hypophosphoroua  add.  When 
exposed  to  heat  in  close  vessels  it  undergoes  the  same  kind  of  change 
u  hydrated  phosphorous  acid. 

The  hypopbosphorous  acid  is  a  powerful  deoxidizing  agent.  It 
unites  with  alkaline  bases ;  and  it  is  remarkable  that  all  its  salts  are 
soluble  in  water.  The  hypophosphites  of  potassa,  soda,  and  ammo- 
nia, dissolve  in  every  proportion  in  rectified  alcohol ;  and  the  hypo- 
phosphite  of  potassa  is  even  more  deliquescent  thcin  chloride  of  cal- 
cium. They  are  all  decomposed  by  heat,  and  yield  the  same  products 
u  the  acid  itself. 

M.  Dulong  determined  the  proportion  of  its  elements  by  converting 
it  into  phosphoric  acid  by  means  of  chlorine.  He  infers  from  his 
analysis  that  it  contains  27.26  per  cent  of  oxygen.  According  to  Sir 
H.  Davy,  it  has  exactly  one  half  less  oxygen  than  the  phosphorous 
acid ;  but  as  the  composition  of  this  acid  is  not  known  with  certainty, 
no  inference  can  be  safely  deduced  from  the  statement.  Professor 
Henry  Rose  states  that  it  contains  20.31  per  cent  of  oxygen,  so  that 
its  elements  are  in  the  ratio  of  31.42  parts  or  two  proportionals  of 
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phosphorus*,  and  8  parts  or  one  proportional  of  oxygen*  (Ponefi* 
dorfTs  Annaleo,  IX.  367).  From  this  discordance  it  may  be  inwred 
that  the  chemical  constitution  of  the  hypophosphorous  acid,  like  tlut 
of  the  other  acids  of  phosphorus,  is  at  present  involyed  in  much  ob« 
scurity. 

Oxiilea  of  Phosphorus. — Chemists  have  not  yet  succeeded  k 
proving  the  existence  of  any  oxide  of  phosphorus.  When  phospbo- 
rus  is  Icept  under  water  for  some  time,  a  white  film  is  formed  apoo 
its  surface,  which  some  have  regarded  as  an  oxide  of  pbosphonii. 
The  red-coloured  matter  which  remains  after  the  combustion  of  phos* 
phoruR,  is  also  supposed  to  be  an  oxide.  The  nature  of  tbeie 
substances  has  not,  however,  been  determined  in  a  satisftetoiy 
manner. 


SECTION  IX, 

BOROJ>r. 

Sir  H.  Davy  discovered  the  existence  of  Boron  in  1807,  by  expos« 

tng  boracic  acid  to  the  action  of  a  powerful  galvanic  battery;  but  he 
did  not  obtain  a  sufficient  supply  of  it  for  determining  its  propettiei. 
It  was  procured  in  greater  quantity  by  Gay-Lussac  and  llienard*  io 
ISOS,  by  heating  boracic  acid  with  potassium.  The  boracic  acid  ii 
by  this  means  deprived  of  its  oxygen,  and  boron  is  set  free.  Tha 
easiest  and  most  economical  method  of  preparing  this  substance,  ac< 
cording  to  Berzelius,  is  to  decompose  an  alkaline  borofluate  by  means 
of  potassium.     (Annals  of  Philosophy  xxvi.  128.) 

Boron  is  a  dark  olive-coloured  substance,  which  has  neither  taste 
nor  smell,  and  is  a  non-conductor  of  electricity.  It  is  insoluble  in 
water,  alcohol,  ether,  and  oils.  It  does  not  decompose  water  whether 
hot  or  cold.  It  bears  an  intense  heat  in  close  vessels,  without  fusing 
or  under(;oing  any  other  change,  except  a  slight  increase  of  dennty. 
Its  specific  gravity  is  about  twice  as  great  as  that  of  water.  It  maybe 
exposed  to  the  atmosphere  at  common  temperatures  without  change; 
but  if  heated  to  600''  F.  it  suddenly  takes  fire,  oxygen  gas  disappeiiSt 
and  boracic  acid  is  generated.  It  experiences  a  similar  change  when 
heated  in  nitric  acid,  or  with  any  substance  that  yields  oi^geo  with 
facility. 

Boracic  acid.  This  is  the  only  known  compound  of  boron  and 
oxygen.  As  a  natural  product  it  is  found  in  the  hot  springs  of  Lipari 
and  in  those  of  Sasso  in  the  Florentine  territory.  It  is  a  constituent 
of  several  minerals,  among  which  the  datolite  and  boracite  may  in 
particular  be  mentioned.  It  occurs  much  more  abundantly  under  the 
form  of  borax,  a  native  compound  of  boracic  acid  and  soda.  It  Is  pre- 
pared for  chemical  purposes  by  adding  sulphuric  acid  to  a  solution  of 
purified  borax  in  about  four  times  its  weight  of  boiling  water,  till  the 
liquid  acquires  a  distinct  acid  reaction.  The  sulphuric  acid  unites 
with  the  soda;  and  the  boracic  acid  is  deposited,  when  the  solution 
cools,  in  a  confused  group  of  shining  scaly  crystals.  It  is  then 
thrown  on  a  filter,  washed  with  cold  water  to  separate  the  adhering 
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'  '^^  ^iS^L*^^^^^^  ^°  ^^^  ^^^^  ^°  ^^^^  water.    Boiling  alcohol  dissolves  it 
^''<rjlhiJ'*  ^^^  Ibc  solution,  when  set  on  fire,  burns  with  a  beautiful  green 


M^fJ^*  loa  tbe  solution,  when  set  on  tire,  burns  with  a  beautiful  green 

^l"?  4l^I*.*  ^  (c*t  which  affords  the  surest  indication  of  the  presence  of 

i-    f%^?^.^*cid.    Its  specific  gravity  is  1.479.    It  has  no  odour,  and  its 

I^^  ^  **  rather  bitter  than  acid.  It  reddens  litmus  paper  feebly,  and  ef- 

t^^^es  with  alkaline  carbonates.    Mr  Faraday  has  noticed  that  it 

f^^^rs  turmeric  paper  brown  like  the  alkalies.    From  the  weakness 

^1^  acid  properties,  all  the  borates,  when  in  solution,  are  decom- 

^Wd  by  the  stronger  acids. 
(      ^en  hydrous  boracic  acid  is  exposed  to  a  gradually  increasing  heat 
^  a  platinum  crucible,  its  water  of  crystallization  is  wholly  expelled. 


^^  >  fused  mass  remains  which  bears  a  while  heat  without  being  sub- 

,^%Ded.    On  cooling,  it  forms  a  hard,  colourless,  transparent  glass, 

^rbich  is  anhydrous  boracic  acid.    If  the  water  of  crystallization  be 

^Uven  off  by  the  sudden  application  of  a  strong  heat,  a  large  quantity 

%f  boracic  acid  is  carried  away  during  the  rapid  escape  of  watery  va- 

iMWr.    Tbe  same  happens,  though  in  a  less  degree,  when  a  solution  of 

Doncic  acid  in  water  is  boiled  briskly.    Vitrified  boracic  acid  should 

be  preserved  in  well  stopped  vessels ;  for  if  exposed  to  the  air,  it  ab- 

form  water,  and  gradually  loses  its  transparency.   ]  ts  specific  gravity  is 

1.803.    It  is  exceedingly  fusible,  and  communicates  this  property  to  the 

substances  with  which  it  unites*    For  this  reason  borax  is  oflen  used 

as  a  flux. 

The  most  obvious  mode  of  determining  the  composition  of  boracic 
acid  is  to  bum  a  known  quantity  of  boron,  and  ascertain  its  increase 
of  weight  when  the  combustion  ceases.  This  method,  however, 
though  apparently  simple,  is  very  difficult  of  execution ;  for  the 
boracic  acid  fuses  at  the  moment  of  being  generated,  and  by  glazing 
the  surface  of  the  unconsumed  boron,  protects  it  from  oxidation. 
Hence  it  was  that  the  experiments  performed  by  Gay-Lussac  and 
"  Thenard  on  this  subject,  led  to  results  widely  different  from  those 
•     which  Sir  H.  Davy  obtained  by  a  similar  process.     Dr  Thomson,  from 

-  data  furnished  partly  by  himself,  and  partly  by  Sir  H.  Davy,  infers  that 
^    the  atomic  weight  of  boron  is  8,  and  that  boracic  acid  is  composed  of 

>  Boron        .  .  8,  or  one  equivalent. 

Oxygen     .  .        16,  or  two  equivalents. 

Consequently,  the  equivalent  of  boracic  acid  is  24. 
Crystallized  boracic  acid,  according  to  the  same  chemist,  is  com- 
-    posed  of 

Boracic  acid         .        24,  or  one  equivalent. 
Water        .  .        18,  or  two  equivalents. 

and  therefore  its  equivalent  is  42. 

Sulphuret  of  Boron.— This  compound  may  be  formed  according 
to  Berzelius,  by  igniting  boron  strongly  in  the  vapour  of  sulphur,  and 
the  combination  is  accompanied  with  the  phenomena  of  combustion. 
The  product  is  a  white  opake  mass,  which  is  converted  by  the  action 
of  water  into  sulphuretted  hydrogen  and  boracic  acid  ;  and  the  liquid 

-  becomes  milky  at  the  same  time  from  a  deposition  of  sulphur.  (,A^|y^« 
of  Philosopbj,  jjyi.  129.)  ¥      ^ 
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33  has  hitberi?  bees  ivmti  in  very  small  quant 
son  for  the  most  part  In  cofnbi&kc-aa  with  sulphur  io  so 
ino  pyrites.  Stromeyer  YiW  al»9  detected  it,  as  a  sulphui 
um,  among  tlia  volrunic  products  of  the  Lipari  isles, 
hkewise  at  riiiu«llinl,  in  the  Hartz  moontains,  combined, 
Stromeyer  anil  Uunp,  with  several  metib,  such  as  lead,  c 
mercur>\  aiul  ^»«|«p«tr.  It  was  discovered  in  191S  by  Bei 
sulphur  o^Utu^  by  sublimation  from  the  iron  pyrites  of 
■  inanuuvK**^  of  «ulphuiic  acid  at  which  this  sulphur  wa 
it  wa»  o^m?(«^i>^l  \\\A\  «  rfdtli«h- coloured  matter  always  col 
botlum  t>l  lh«>  l^don  chamber;  and  on  burning  thissubst 
lius  p«rv««lv««d  «  ncroufi  and  peculiar  odour,  similar  to  tha 
horse- radinh,  wliirli  induced  him  to  submit  it  to  a  careful 
and  thus  led  to  the  discovery  of  selenium*. 

Selenium,  at  common  temperatures,  is  a  brittle  opak 
without  taste  or  odour.  It  has  a  motalllc  lustre  and  the  a 
when  in  mass  ;  but  is  of  a  deep  red  colour  when  reduce 
Its  specific  gravity  is  between  4.3  and  4.82.  At  212"  il 
Is  then  so  tenacious  that  it  may  be  drawn  out  into  fine  t 
are  transparent,  and  appear  red  by  transmitted  light, 
quite  fluid  at  a  temperature  somewhat  above  that  of  t 
It  boils  at  about  660^,  forming  a  vapour  which  has  a  dec 
our,  but  emitting  no  odour.  It  may  be  sublimed  in 
without  change,  and  condenses  again  into  dark  globules 
lustre,  or  as  a  cinnabar-red  powder,  according  as  the  s] 
it  collects  is  small  or  large.  Berzelius  at  first  regarded 
but,  since  it  is  an  imperfect  conductor  of  caloric  ar 
it  more  properly  belongs  to  the  class  of  the  simple 
bodies. 

Selenium  is  Insoluble  in  water.  It  suffers  no  change  : 
posure  to  the  almo5)phere;  but  if  heated  in  the  open  ai 
readily  with  oxygen,  and  two  compounds,  the  oxide  of 
selenious  acid,  are  generated.  If  the  experiment  is  ma 
ing  upon  it  the  oxidizing  part  of  the  blow-pipe  flame, 
flame  of  a  light  blue  colour,  and  exhales  so  strong  an  oc 
ed  horse-radish,  that  l-60th  of  a  grain  is  said  to  be  suffi 
the  air  of  a  large  apartment.  By  this  character  the 
selenium,  whether  alone  or  in  combination,  may  alwayi 

Oxide  of  Selenium. — This  compound  is  formed  in  | 
dance  by  heating  selenium  in  a  limited  quantity  of  atr 
and  washing  the  product  to  separate  the  selenious  acii 
lourless  gas,  which  is  very  sparingly  soluble  in  water, 
possess  any  acid  properties.  It  is  the  cause  of  the  p 
which  is  emitted  during  the  oxidation  of  selenium.  Itt 
has  not  been  determined,  but  it  probably  contains  an  at 
its  elements. 

Silefitous  Jieid — This  acid  is  most  conveniently  pr 
"■nin  nitric  or  nitro-muriatic  acid  till  it  is  cc 
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solved.  On  evaporating  the  solution  to  dryness,  a  white  residue  is 
left,  which  is  selenious  acid.  By  increase  of  temperature,  the  acid 
itself  sublimes,  and  condenses  again  unchanged  into  long  four-sided 
needles.  It  attracts  moisture  from  the  air,  whereby  it  suffers  imper- 
fect liquefaction.  It  dissolves  in  alcohol  and  water.  It  has  distinct 
acid  properties,  and  its  salts  are  called  selenites. 

Selenious  acid  is  readily  decomposed  by  all  substances  which  have 
t  strong  affinity  for  oxygen,  such  as  sulphurous  and  phosphorous 
acids.  When  sulphurous  acid,  or  an  alkaline  sulphite,  is  added  to  a 
solution  of  selenious  acid,  a  red-coloured  powder,  pure  selenium,  is 
thrown  down,  and  the  sulphurous  converted  into  sulphuric  acid. 
Sulphuretted  hydrogen  also  decomposes  it;  and  an  orange-yellow 
precipitate  subsides,  which  is  a  sulphuret  of  selenium. 

The  atomic  weight  of  selenium,  deduced  chiefly  from  the  experi- 
ments of  Berzelius,  is  40  ;  and  the  selenious  acid,  according  to  the  ana- 
lysis of  the  same  chemist,  consists  of 

Selenium  .        40        .        one  equivalent. 

Oxygen  .        16        .        two  equivalents. 

66 

SeUnie  acid. — The  preceding  compound,  discovered  by  Berzelius, 
was  till  lately  the  only  known  acid  of  selenium,  and  has  hitherto  been 
described  in  elementary  works  under  the  name  of  selenic  acid  ;  but 
the  recent  discovery  of  another  acid  of  selenium  containing  more  oxy- 
ten  than  the  other,  has  rendered  necessary  a  change  of  nomenclature. 
The  existence  of  the  selenic  acid  was  first  noticed  by  M.  Nitzsch, 
assistant  of  Professor  Mitscherlich,  and  its  properties  have  been  exam- 
ined and  described  by  the  professor  himself.  (£din.  Journal  of  Science, 
No.  XVI.  294.) 

This  acid  is  prepared  by  fusing  nitrate  of  potassa  or  soda  with  sele- 
nium, a  metallic  seleniuret,  or  with  selenious  acid  or  any  of  its  salts. 
The  seleniuret  of  lead,  as  the  most  common  ore  of  selenium,  will  gene- 
rally be  employed  ;  but  it  is  very  difficult  to  obtain  pure  selenic  acid  by 
its  means,  because  it  is  commonly  associated  with  metallic  sulphurets. 
The  ore  is  first  treated  with  muriatic  acid  to  remove  any  carbonate 
that  may  be  present ;  and  the  insoluble  part,  which  is  about  a  third  of 
the  mass,  is  mixed  with  its  own  weight  of  nitrate  of  soda,  and  thrown 
by  successive  portions  into  a  red-hot  crucible.  The  lead  is  thus  oxi- 
dized, and  the  selenium  converted  into  selenic  acid,  which  unites  with 
■oda.  The  fused  mass  is  then  acted  on  by  hot  water,  which  dissolves 
only  the  seleniate  of  soda,  together  with  nitrate  and  nitrite  of  soda ;  while 
the  insoluble  matter,  when  well  washed,  is  quite  free  from  selenium. 
The  solution  is  next  made  to  boil  briskly,  when  anhydrous  seleniate  of 
■oda  Is  deposited  ;  while  on  cooling  nitrate  of  soda  crystallizes.  On 
renewing  the  ebullition  and  subsequent  cooling,  fresh  portions  of  the  . 
■eleniate  and  nitrate  are  procured ;  and  these  successive  operations  are 
repeated,  until  the  former  salt  is  entirely  separated.  This  process  is 
founded  on  the  fact,  that  seleniate  of  soda,  like  the  sulphate  of  the 
nine  base,  is  more  soluble  in  water  of  about  90°  F.  than  at  higher  or 
lower  temperatures.  The  nitrite  of  soda,  formed  during  the  fusion,  is 
porposely  reconverted  into  nitrate  by  digestion  with  nitric  acid. 

The  seleniate  of  soda  thus  procured  always  contains  a  little  sulphu- 
ric acid,  derived  from  the  metallic  sulphurets  of  the  ore ;  and  it  is  not 
potsible  to  separate  this  acid  by  crystallization-  All  attempts  to  sepa- 
rate it  by  meane  of  barvta  were  likewise  fruitless  ;  and  the  onl^  me- 
diod  of  effecting  this  object  is  by  reducing  the  «e\eiv\c  acvdVuV^  a«\«- 
nlnm.  Tbit  Im  done  by  betting  a  mixture  of  the  Be\eiual«  ot  ao^<^  v&^ 
Jt 
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sal  ammoniac  ;  when  mutual  decomposition  ensaeB,  the  soda  miilM 
with  muriatic  acid,  the  hydrogen  of  the  ammonia  combines  with  the 
oxygen  of  the  selenic  acid,  and  selenium  and  nitrogen  are  set  free. 
The  selenium  thus  obtained  is  quite  free  from  sulphur.  It  is  than  con- 
verted by  nitric  acid  into  seleuious  acid,  neutralized  with  soda,  the 
seleniate  generated  by  fusion  with  nitre  or  nitrate  of  soda,  and  aspi- 
rated according  to  the  foregoing  process.  The  pure  seleniate  of  soda 
is  subsequently  dissolved  in  water,  and  obtained  in  crystals  by  spofr 
taneous  evaporation. 

To  procure  the  acid  in  a  free  state,  the  seleniate  of  soda  is  deeoB- 
posed  by  nitrate  of  lead.  The  seleniate  of  lead,  which  is  as  insoluble 
as  the  sulphate,  after  being  well  washed,  is  exposed  to  a  current  of 
sulphuretted  hydrogen  gas,  which  precipitates  all  the  lead  as  a  sal- 
phuret,  but  does  not  decompose  the  selenic  acid.  The  excess  of  sul- 
phuretted hydrogen  is  driven  off  by  heat,  and  pure  selenic  acid  remaioi 
diluted  with  water.  The  absence  of  fixed  substances  may  be  proved 
by  its  being  volatilized  by  heat  without  residue  ;  and  if  free  from  sol- 
phuric  acid,  it  gives  no  precipitate  with  muriate  of  baiyta  after  being 
boiled  with  muriatic  acid*.  Any  nitric  acid  which  may  be  present  is 
expelled  by  concentrating  the  solution  by  means  of  heat. 

Selenic  acid  is  a  colourless  liquid,  which  may  be  heated  to  586"  F. 
without  appreciable  decomposition ;  but  above  that  point  decomposi- 
tion commences,  and  becomes  rapid  at  664®  giving  rise  to  disengip- 
ment  of  oxygen  and  selenious  acid.  When  concentrated  by  a  tem- 
perature of  329''  its  specific  gravity  is  2.624;  at  612**  it  is  2.60,  audit 
546°  it  is  2.625,  but  a  little  selenious  acid  is  then  present.  When  pro- 
cured by  the  process  above  described,  selenic  acid  always  containi 
water,  but  it  is  very  difficult  to  ascertain  its  precise  proportion.  Some 
acid  which  had  been  heated  higher  than  636^,  contained,  subtracting 
the  quantity  of  selenious  acid  present,  16.75  per  cent  of  water,  whicb 
approximates  to  the  ratio  of  one  equivalent  of  water  and  one  of  the 
acid.  It  is  certain  that  selenic  acid  is  decomposed  by  heat  before  part- 
ing with  all  the  water  which  it  contains. 

Selenic  acid  has  a  powerful  affinity  for  water,  and  emits  as  moefa 
heat  in  uniting  with  it  as  sulphuric  acid  does.  Like  this  acid  it  is  not 
decomposed  by  sulphuretted  hydrogen,  and  hence  this  gas  may  be 
employed  for  decomposing  the  seleniate  of  lead  or  copper.  With  mv- 
riatic  acid  the  change  is  peculiar;  for  on  boiling  the  mixture,  matnil 
decomposition  ensues,  water  and  selenious  acid  are  formed,  and  chlo- 
rine set  free ;  so  that  the  solution,  like  aqua  regia,  is  capable  of  dif* 
solving  gold  and  platinum.  Selenic  acid  dissolves  zinc  and  iron  wUk 
disengagement  of  hydrogen  gas,  and  copper  with  formation  of  seleni- 
ous acid.  It  dissolves  gold  also,  but  not  platinum.  Sulphucmie  acM 
has  no  action  on  selenic  acid,  whereas  selenious  acid  is  easily  ladoeed 
by  it.  Consequently,  when  it  is  wished  to  precipitate  selenium  froii 
selenic  acid,  it  must  be  boiled  with  muriatic  acid  before  sulpbntsi 
acid  is  added. 

Selenic  acid,  in  its  affinity  for  alkaline  bases,  is  little  infeiior  to  sol- 
phuric  acid ;  so  much  so,  indeed,  that  the  seleniate  of  baryta  camot 
be  completely  decomposed  by  sulphuric  acid.  It  is  therefore  to  idd 
of  great  power.    From  the  analysis  of  this  acid  and  of  the  selenliiei 

*  The  necessity  of  this  previous  boiling  with  muriatic  add  ia  to 
convert  the  selenic  into  selenious  acid,  without  which  change  the  om- 
ria te  of  baryta  would  produce  a  piecVVa^^  «A  %c\«i!aa!la  of  baryta.    Ae 
rarionaJe  of  the  action  of  muAatic  aLc\^\»  «xv\^\^^  VaseOBMoi  «^  ^. 
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iisa  iDd  soda  by  professor  Mitscherlich,it  is  established  that  the 
B  of  the  fleleoious  and  selenic  acids,  combined  with  the  same 
\y  ofseleDlum,  is  in  the  ratio  of  2  to  8,  as  is  the  case  with  sul- 
8  and  sulphuric  acids.  Hence  the  selenic  acid  is  a  compound 
art8»  or  one  equivalent  of  selenium,  and  24  parts,  or  three  equi- 
of  ozyfcen ;  and  its  equivalent  is  64. 

iSBor  Mitscberlich  has  observed,  that  the  selenic  and  sulphuric 
re  not  only  analogous  in  composition  and  many  of  their  pro- 
,  but  that  the  similarity  runs  through  their  compounds  with  aU 
subfltancea,  their  salts  resembling  each  other  in  chemical  pro- 
,  constitution,  aud  form. 


SECTION  XI. 

CHLORLYE, 

Jiscovery  of  chlorine  was  made  in  the  year  1770  by  Scheele 
lyestig^ting  the  nature  of  manganese,  and  he  described  it  un- 
name  of  depklogistieaied  marine  acid.  The  French  chemists 
t  oxygenized  muriatic  acid,  a  term  which  was  afterwards  con- 
to  oxy'mwriatic  acid,  from  an  opinion  proposed  by  Berthollet 
is  a  compound  of  muriatic  acid  and  oxygen.  In  1809  Gay- 
and  Thenard  published  an  abstract  of  some  experiments  upon 
Mtance,  which  subsequently  appeared  at  length  in  their  i?e- 
es  Phyneo-Chimiquei,  wherein  they  stated  that  oxymuriatic 
Ight  M  regarded  as  a  simple  body,  though  they  gave  the  prefer- 

0  the  doctrine  advanced  by  Berthollet.  Sir  H.  Davy  engaged 
inquiry  about  the  same  time,  and  after  having  exposed  oxymu- 
ictd  to  the  most  powerful  decomposing  agents  which  chemists 
B,  without  being  able  to  effect  its  decomposition,  he  communi- 
to  the  Royal  Society  an  essay,  in  which  he  denied  its  compound 
,  and  maintained  that,  according  to  the  true  logic  of  chemistry, 
ititled  to  rank  with  simple  bodies.  This  view,  which  is^  corn- 
termed  the  new  theory  of  chlorine,  though  strongly  objected 

le  time  it  was  first  proposed,  is  now  almost  universally  receiv- 
chemists,  and  accordingly  is  adopted  in  this  work.  The  grounds 
erence  will  hereafter  be  briefly  stated. 

>rine  gas  is  obtained  by  the  action  of  muriatic  acid  on  the  per- 
of  manganese.  The  most  convenient  method  of  preparing  it  is 
cing  concentrated  muriatic  acid,  contained  in  a  glass  flask,  with 
i  weight  of  finely  powdered  peroxide  of  manganese.  Efierves- 
t  owing  to  the  escape  of  chlorine,  takes  place  even  in  the  cold ; 
e  gas  is  evolved  much  more  freely  by  the  application  of  a  mode- 
pat.  It  should  be  collected  in  inverted  glass  bottles  filled  with 
water ;  and  when  the  water  is  wholly  displaced  by  the  gas,  the 

1  should  he  closed  with  a  well-ground  glass  stopper.  As  some 
tic  acid  gas  commonly  passes  over  with  it,  the  chlorine  should 
i  considered  quite  pure,  till  after  being  transmitted  through  water, 
ore  explaining  the  theory  of  this  process,  it  may  be  premised  that 
tic  acid  consists  of  36  parts  or  one  equivalent  of  chlorine,  and  1 
r  one  equivalent  of  hydrogen.  The  peroxide  of  mui^'aiii^%«,  ^.% 
ly  mentiooed,  (page  136,)  is  composed  of  28  paiU  oi  ou^  «(\^\- 

of  BaMBganeBe,  and  16  or  (wo  equival^pts  ofoxy^^eik.    ^Yieu 
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these  compounds  react  on  one  another,  one  equivalent  of  each  b 
decomposed.  The  peroxide  of  manganese  p;ive8  one  equivalent  of 
oxygen  to  the  hydrogen  of  the  muriatic  acid,  m  consequence  of  which 
one  equivalent  of  water  is  generated,  and  one  equivalent  of  chlorioa 
disengaged ;  while  the  protoxide  of  manganese  unites  with  an  equi- 
valent of  undecomposed  muriatic  acid,  and  forms  an  equivalent  of 
the  muriate  of  the  protoxide  of  manganese.  Consequently,  for  every 
44  grains  of  the  peroxide  of  manganese,  74  (37x2)  grains  of  ml 
muriatic  acid  disappear;  and  36  parts  of  clilorine,  9  of  water,  and  71 
of  protomuriate  of  manganese,  are  the  products  of  the  decompositioii. 
The  affinities  which  determine  these  changes  are  the  attiaclioii 
of  oxygen  for  hydrogen,  and  of  the  protoxide  of  manganese  for  ma- 
riatic  acid. 

When  it  is  an  object  to  prepare  chlorine  at  the  cheapest  rate,  u 
for  the  purposes  of  manufacture,  the  preceding  process  is  modified  io 
the  following  manner.  Three  parts  of  sea-Mlt  are  intimately  mixed 
with  one  of  the  peroxide  of  manganese,  and  to  this  mixture  two  parts 
of  sulphuric  acid,  diluted  with  an  equal  weight  of  water,  are  then 
added.  By  the  action  of  sulphuric  acid  on  sea-salt  muriatic  add  is 
disengaged,  which  reacts  as  in  the  former  case  upon  the  peroside  of 
manganese ;  so  that,  instead  of  adding  muriatic  acid  directly  to  the 
manganese,  the  materials  for  forming  it  are  employed.  In  thb  pro- 
cess, however,  the  protoxide  of  manganese  unites  with  sulphiule  in- 
stead of  muriatic  acid,  and  the  residue  is  sulphate  of  manganese  and 
sulphate  of  soda. 

Chlorine*  is  a  yellowish-green  coloured  gas,  which  has  an  astrin- 
gent taste,  and  a  disagreeable  odour.  It  is  one  of  the  most  suflfocating 
of  the  gases,  exciting  spasm  and  great  irritation  of  the  glottis,  even 
when  considerably  diluted  with  air.  When  strongly  and  suddenly 
compressed,  it  emits  both  heat  and  light,  a  character  which  it  possesses 
in  common  with  oxygen  gas.  According  to  Sir  H.  Davy,  100  cable 
inches  of  it  at  GC"  F.  and  when  the  barometer  stands  at  80  inches, 
weigh  between  76  and  77  grains.  Dr  Thomson  states  its  weight  at 
76.25  grains,  and  his  result  agrees  veiy  nearly  with  that  of  Gay-Lus* 
sac  and  Thenard.  Adopting  this  estimate,  its  specific  gravity  is  2.6. 
Under  the  pressure  of  about  four  atmospheres  it  is  a  limpid  liquid  oft 
bright  yellow  colour,  which  does  not  freeze  at  the  temperatare  of 
zero,  and  which  assumes  the  gaseous  form  with  the  appeaianee  of 
ebullition  when  the  pressure  is  removed. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbs  twice 
its  volume  of  chlorine,  and  yields  it  again  when  heated.  The  eola- 
tion, which  is  made  by  transmitting  a  current  of  chlorine  gas  throodi 
cold  water,  has  the  colour,  taste,  and  most  of  the  otherpropertiesof  lEe 
gas  itself.  When  moist  chlorine  gas  is  exposed  to  a  cold  of  82°  F. 
yellow  crystals  are  formed,  which  consist  of  water  and  chlorine  iB 
definite  proportions.  They  are  composed,  according  to  Mr  Faitdayi 
of  36  or  one  equivalent  of  chlorine  to  90  or  ten  equivalents  of  irater< 

Chlorine  experiences  no  chemical  change  from  the  action  of  tbs 
imponderables.  Thus  it  is  not  affected  chemically  by  intense  beet, 
by  strong  shocks  of  electricity,  or  by  a  powerful  galvanic  batteiy> 
Sir  H.  Davy  exposed  it  also  to  the  action  of  charcoal  heated  to  white- 
ness by  galvanic  electricity,  without  separating  oxygen  from  it,  oria 
any  way  affecting  its  nature.  Light  does  not  act  on  dry  chlorine;  but 
f  water  be  present,  the  chlorine  decomposes  that  liquid,  unilfli  with 
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the  hydrogen  to  rorm  muriatic  acid,  and  oxygen  gas  is  set  at  liberty. 
This  change  takes  place  quickly  in  sunshine,  more  slowly  in  diffused 
day-ligbt,  and  not  at  all  when  the  light  is  wholly  excluded  Hence 
the  necessity  of  keeping  moist  chlorine  gas,  or  its  solution,  In  a  dark 
place,  if  it  is  wished  to  preserve  it  for  any  time. 

Chlorine  unites  with  some  substances  with  evolution  of  heat  and 
light,  and  is  hence  termed  a  supporter  of  combustion.  If  a  lighted 
taper  l>e  plunged  into  chlorine  gas,  it  burns  for  a  short  time  with  a 
small  red  flamet  and  emits  a  large  quantity  of  smoke.  Phosphorus 
takes  fire  in  it  spontaneously,  and  burns  with  a  pale  white  light. 
Several  of  the  metals,  such  as  tin,  copper,  arsenic,  antimony,  and 
line,  when  introduced  into  chlorine  in  the  state  of  powder  or  in  fine 
leaves,  are  suddenly  inflamed.  In  all  these  cases  the  combustible 
iubstances  unite  with  chlorine. 

Chlorine  has  a  very  powerful  attraction  for  hydrogen ;  and  many  of 
he  ehemical  phenomena  to  which  chlorine  gives  rise,  are  owing  to 
this  property.  A  striking  example  is  its  power  of  decomposing  water 
)y  the  action  of  light,  or  at  a  red  heat ;  and  most  compound  substan- 
;es,  of  which  hydrogen  is  an  element,  are  deprived  of  that  principle, 
ind  therefore  decomposed  in  like  manner.  For  the  same  reason, 
vben  chlorine,  water,  and  some  other  body  which  has  a  strong  affin- 
ly  for  oxygen,  are  presented  to  one  another,  the  water  is  usually  re- 
olved  into  its  elements,  the  hydrogen  attaches  itself  to  the  chlorine, 
nd  the  oxygen  to  the  other  body.  Hence  it  happens  that  chloiine  is 
adirectly  one  of  the  most  powerful  oxidizing  agents  which  we  possess. 

When  any  compound  of  chlorine  and  an  inflammable  is  exposed  to 
he  influence  of  galvanism,  the  inflammable  body  goes  over  to  the 
iCgatlve,  and  the  chlorine  to  the  positive  pole  of  the  battery.  This 
stablishes  a  close  analogy  between  oxygen  and  chlertfie,  both  of  them 
•ing  supporters  of  combustion,  and  both  negative  electrics. 

Chlorine,  though  formerly  called  an  acid,  possesses  no  acid  proper- 
ies.  It  has  not  a  sour  taste,  does  not  redden  the  blue  colour  of 
lants,  and  shows  comparatively  little  disposition  to  unite  with  alka- 
ea.  Its  strong  affinity  for  the  metals  is  sufficient  to  prove  that  it  is 
o(  an  acid  ;  for  chemists  are  not  acquainted  with  any  instance  of  an 
cid  combining  directly  in  definite  proportion  with  a  metal. 

The  mutual  action  of  chlorine  and  the  pure  alkalies  leads  to  com- 
Heated  changes.  If  chlorine  gas  is  passed  into  a  solution  of  potassa 
11  all  alkaline  reaction  ceases,  a  liquid  is  obtained  which  has  the 
dour  of  a  solution  of  chlorine  in  water.  But  on  applying  heat,  the 
bloiine  disappears  entirely,  and  the  solution  is  found  to  contain  two 
eutral  salts,  the  chlorate  and  muriate  of  potassa.  The  production 
rtbe  two  acids  is  owing  to  the  decomposition  of  water,  the  elements 
fwhich  unite  with  separate  portions  of  chlorine,  and  form  the  chloric 
ad  muriatic  acids.  The  affinities  which  give  rise  to  this  change,  are 
le  attraction  of  chlorine  for  hydrogen,  of  chlorine  for  oxygen,  and  of 
le  two  resulting  acids  for  the  alkali. 

One  of  the  roost  important  properties  of  chlorine  is  its  bleaching 
>wer.  All  animal  and  vegetable  colours  are  speedily  removed  by 
ilorine;  and  when  the  colour  is  once  discharged,  it  can  never  be 
latored.  Sir  H.  Davy  proved  that  chlorine  cannot  bleach  unless 
ater  is  present.  Thus,  dry  litmus  paper  suffers  no  chanp;e  in  dry 
skmne ;  but  when  water  is  admitted,  the  colour  speedily^distppears. 
t  la  well  known  also,  that  muriatic  acid  is  always  generated  when 
blorine  bleaches.  From  these  facts  it  is  inferred  that  water  is  de- 
imposed  during  the  process,  that  its  hydrogen  unitet  mlVi  cYAotai^^ 
id  that  the  decomposition  of  the  coIouriDg  mallet  Vb  oeeaA\QTi<&^ Vs 
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the  oiysea  which  is  liberated.  The  bleaching  property  of  the  6m 
oxide  of  hydrogen,  of  which  oxygen  is  certainly  the  decoloiiii 
principle,  leaves  little  doubt  of  the  accuracy  of  the  foregoing  e 
planation. 

Chlorine  is  useful,  lilcewise,  for  the  purposes  of  fumigation.  T 
experience  of  Guyton-Morveau  is  sufficient  evidence  of  its  power 
destroying  the  volatile  principles  given  off  by  putrefying  animal  n 
ter ;  and  it  probably  acts  in  a  similar  way  on  contagious  effluvia, 
peculiar  compound  of  chlorine  and  soda,  the  nature  of  which  will 
considered  in  the  section  on  Sodium,  has  been  lately  introduced 
this  purpose  by  M.  Labarraque. 

Chlorine  is  in  general  easily  recognized  by  its  colour  and  odo 
Chemically  it  may  be  detected  by  its  bleachins  property,  added 
the  circumstance  that  a  solution  of  the  nitrate  oisilver  occasions  fa 
a  dense  white  precipitate  (a  compound  of  chlorine  and  metallic  silvc 
which  becomes  dark  on  exposure  to  light,  is  Insoluble  in  acids,  i 
dissolves  completely  in  pure  ammonia.  The  whole  of  the  chloit 
however,  is  not  thrown  down  by  nitrate  of  silver ;  for  the  oxygeo 
the  oxide  of  silver  unites  with  a  portion  of  chlorine,  and  convert 
into  chloric  acid. 

The  compounds  of  chlorine,  which  are  not  acid,  are  termed  ek 
rides  or  ehUtrureta.    The  former  expression  is  perhaps  the  more 
propriate,  from  the  analogy  between  chlorine  and  oxygen. 

Compound  of  Chlorine  and  Hydrogen, — Muria> 

Acid  Gas*. 

Muriatic  or  hydrochloric  acid  gas  was  discovered  by  Priestley 
1772.     It  may  be  conveniently  prepared  by  putting  an  ounce  of 
stroug  muriatic  acid  of  the  pharmacopoeia  into  a  glass  flask,  and  h( 
in^  it  by  means  of  a  lamp  till  the  liquid  boils.     Pure  muriatic  acid 
is  freely  evolved,  and  may  be  collected  over  mercury.     Another 
thod  of  preparing  it  is  by  the  action  of  concentrated  sulphuric  acic 
an  equal  weight  of  sea-salt.     Brisk  effervescence  ensues  at  the 
ment  of  making  the  mixture,  and  on  the  application  of  heat  a  1: 
quantity  of  muriatic   acid  gas  is  disengaged.     In   the  first  proc 
muriatic  acid,   previously   dissolved  in   water,   is   simply    expe 
from  the  solution  by  increased  temperature.    The  explanation  of 
second  process  is  rather  more  complicated.    Sea-salt  was  formerly, 
posed  to  be  a  compound  of  muriatic  acid  and  soda  ;  and,  on  this 
position,  the  soda  was  believed  merely  to  quit  the  muriatic  and  i 
with  sulphuric  acid.    But  according  to  the  experiments  of  Gay-] 
sac  and  Tbeuard  and  Sir  H.  Davy,  sea-salt  in  its  dry  state  cone 
not  of  muriatic  acid  and  soda,  but  of  chlorine  and  sodium,  the  met 
base  of  soda.    The  proportion  of  its  constituents  are 

Chlorine        36        one  proportional. 

Sodium  24        one  proportional. 

When  sulphuric  acid  is  added  to  it,  one  proportion  of  water  is  ret 
ed  mto  its  elements;   the  hydrogen  unites  with  chlorine,  Ton 

*  I  have  here  deviated  slightly  from  my  arrangement.  I  have  < 
so,' because  it  will  facilitate  the  study  of  the  compounds  of  chk 
with  the  simple  non-melaUic  bodies,  to  describe  them  in  the  i 

BeelioD,    Iodine  and  bromme,  for  iiVkV^  t«uoti,  i«V\^  Vceated 

Bimilar  manner. 
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je  add,  which  escapes  in  the  form  of  gas ;  while  soda  is  genera- 
'  the  coinbinatioD  of  the  oxygen  with  sodium,  which  combines 
be  sulphuric  acid,  and  forms  sulphate  of  soda.  The  water  con- 
in  the  liquid  sulphuric  acid  is  therefore  essential  to  the  success 
operation.  The  affinities  which  determine  the  change  are  the 
ion  of  chlorine  for  hydrogen,  of  sodium  for  oxygen,  and  of  soda 
phuiie  acid. 

riatic  acid  may  be  generated  by  the  direct  union  of  its  elements, 
equal  measures  of  chlorine  and  hydrogen  are  mixed  together, 
n  electric  spark  is  passed  through  the  mixture,  instantaneous 
nation  takes  place,  heat  and  light  are  emitted,  and  muriatic  acid 
erated.  A  similar  effect  is  produced  by  flame,  by  a  red-hot  body, 
f  spongy  platinum.  Light  also  causes  them  to  unite.  A  mix- 
f  the  two  gases  may  be  preserved  without  change  in  a  dark 
;  but  if  exposed  to  the  diffused  light  of  day,  gradual  combination 
s,  and  is  completed  in  the  course  of  24  hours.  The  direct  solar 
iroduce,  like  flame  or  electricity,  sudden  inflammation  of  the 
!  mixture,  accompanied  with  explosion;  and  according  to  Mr 
e,  the  vivid  light  emitted  by  charcoal  intensely  heated  by  gal- 
electricity  acts  iu  a  similar  manner. 

)  experiments  of  Davy,  and  Gay-Lussac  and  Thenard  concur  in 
ig  that  hydrogen  and  chlorine  unite  in  equal  volumes,  and  that 
uriatic  acid  which  is  the  sole  and  constant  product,  occupies  the 
space  as  the  gases  from  which  it  is  formed.  From  these  facts 
imposition  of  muriatic  acid  is  easily  inferred.    For,  as 

Grains, 
•0  cubic  inches  of  chlorine  weigh  .  38.125 

0  hydrogen  .  .  1.059 

0  cubic  inches  of  muriatic  acid  gas  must  weigh      39.184 
»ecific  gravity,  therefore,  is  1.2847.    By  weight  it  consists  of 
Chlorine        .  38.125  .  86 

Hydrogen     .  1.059  .  1 

ce  chlorine  and  hydrogen  unite  in  one  proportion  only,  most 
ists  regard  muriatic  acid  as  a  compound  of  one  equivalent  of 
of  its  elements,  a  conclusion  which  appears  to  be  justified  by  the 
rtions  in  which  chlorine  and  hydrogen  unite  with  other  bodies. 
e,  36  is  one  equivalent  of  chlorine,  and  37  the  equivalent  of 
,tic  acid. 

iriatic  acid  is  a  colourless  gas,  of  a  pungent  odour,  and  acid  taste. 
T  a  pressure  of  40  atmospheres,  and  at  the  temperature  of  50°F. 
iquid.  It  is  quite  irrespirable,  exciting  violent  spasm  of  the 
b;  but  when  diluted  with  air,  it  is  far  less  irritating  than  chlorine, 
liming  bodies  are  extinguished  by  it,  and  the  gas  itself  does  not 
ire  on  the  approach  of  name. 

iriatic  acid  gas  is  not  chemically  changed  by  mere  heat.  It  is 
y  decomposed  by  galvanism,  hydrogen  appearing  at  the  negative, 
blorine  at  the  positive  pole.  It  is  also  decomposed  by  ordinary 
icity.  The  decomposition,  however,  is  incomplete ;  for  though 
tlectric  spark  resolves  a  portion  of  the  gas  into  its  elements,  the 
shock  in  a  great  measure  effects  their  reunion.  It  is  not  affect- 
r  oxygen  under  common  circumstances ;  but  if  a  mixture  of  ozy- 
LOd  muriatic  acid  gases  is  electrified,  the  oxygen  unites  with  the 
)gen  of  the  muriatic  acid  to  form  water,  and  cb\oi\ike  \«  %«\.  ^V 
V.  For  tbi§  and  the  preceding  fact  we  are  iudebled  \Q  ^«  '(^' 
ies  ofDr  Heary, 
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One  of  the  most  striking  properties  of  moriatic  acid  gas  ia  its  pc 
attraction  for  water.  A  dense  white  cloud  appears  whenever  n 
acid  escapes  into  the  air,  owing  to  a  combination  which  eosi 
tween  the  acid  and  watery  vapour.  When  a  piece  of  ice  is  p 
ajar  full  of  the  gas  confined  over  mercury,  the  ice  liquefies  on 
stant,  and  the  whole  of  the  gas  disappears  in  the  course  of 
seconds.  On  opening  a  long  wide  jar  of  muriatic  acid  gas 
water,  the  absorption  of  the  gas  takes  place  so  instantaneously,  t 
water  is  forced  up  into  the  jar  with  the  same  violence  as  iDt« 
cuum. 

A  concentrated  solution  of  muriatic  acid  gas  in  water  has  Ion 
known  under  the  names  of  spirit  ofsalt,  and  of  marine  or  m 
acid.  It  is  made  by  transmitting  a  current  of  gas  into  water  i 
as  any  of  it  is  absorbed.  Considerable  increase  of  temperttun 
place  during  the  absorption,  and  therefore  the  apparatus  sho 
kept  cool  by  ice.  Sir  H.  Davy  states  (Elements,  p.  252.)  thai 
at  the  temperature  of  40°  F.  absorbs  480  times  its  volume  of  tb 
and  that  the  solution  has  a  density  of  1-2109.  Dr  Thomson  fini 
one  cubic  inch  of  water  at  69°  F.  absorbs  418  cubic  inches  of  gi 
occupies  the  space  of  1.34  cubic  inch.  The  solution  has  a  den 
1.1968,  and  one  cubic  inch  of  it  contains  311.04  cubic  inci 
muriatic  acid  gas.  The  quantity  of  real  acid  contained  in  soluti 
different  densities  may  be  determined  by  ascertaining  the  quao 
pure  marble  dissolved  by  a  given  weight  of  each.  Every  50. 
of  marble  correspond  to  37  of  real  acid.  The  following  table 
Dr  Thomson's  *'  Principles  of  Chemistry,"  is  constructed  by  thi 
The  first  and  second  columns  show  the  atomic  constitution  of 
acid. 


Table  exhibiting  the  apecUic  gravity  of  Muriatic  Acid  of  del 

^nate  strengths. 


Atoms  of 

Atoms  of 

Real  acid  in  100, 

Specific 

Acid. 

water. 

of  the  liquid. 

Chravity. 

6 

40.659 

1.203 

7 

87.000 

1.179 

8 

33.945 

1.162 

9 

31.346 

1.149 

10 

29.134 

1.139 

11 

27.206 

1.12S5 

12 

25.517 

1.1197 

13 

24.026 

1.1127 

14 

22.700 

1.1060 

15 

21.612 

1.1008 

16 

20.442 

1.0960 

17 

19.474 

1.0902 

18 

18.690 

1.0860 

19 

17.790 

1.0820 

20 

17.061 

1.0780 

All  the  Pharmacopoeias  give  directions  for  forming  muriatic 

The  process  recommended  by  the  Edinburgh  College  is  praci 

good.    The  proportions  they  recommend  are  equal  weights  of  se) 

water,  and  sulphuric  acid,  more  acid  being  purposely  employed 

IB  sufficient  to  form  a  neulTa\  s\i\p\iate  with  the  soda,  so  that  the 

perfect  decomposition  of  the  sea-saW.  tcvvj  \>«  \fi%\k\«^.   TV\e  ac 

prevent  too  Violent  effervescence  o^X  &i%\«  \a  ToiviLft^  n^V^  on^.^ 
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the  water,  and  when  the  mixture  has  cooled,  it  is  pour)sd  upon  the 
salt  previously  introduced  into  a  glass  retort.  The  distillation  is  con- 
tinued to  dryness ;  and  the  gas,  as  it  escapes,  is  conducted  into  the  re- 
mainder of  the  water.  The  theory  of  the  process  has  already  been 
eiplaiaed.  The  residue  is  a  mixture  of  the  sulphate  and  bi-sulphate 
of  soda.  The  specifie  gravity  of  muriatic  acid  obtained  by  this  pro- 
cess, is  1.170. 

The  common  muriatic  acid  of  commerce  has  a  yellow  colour,  and 
is  always  impure.  The  usual  impurities  are  nitric  acid,  sulphuric  acid, 
and  oxide  of  iron.  The  presence  of  nitric  acid  may  be  inferred,  if  the 
muriatic  acid  has  the  property  of  dissolving  gold  leaf.  Iron  may  be 
detected  by  ferrocyanate  of  potassa,  and  sulphuric  acid  by  muriate  of 
baryta,  the  suspected  muriatic  acid  being  previously  diluted  with  three 
or  four  parts  ot  water.  To  provide  against  the  presence  of  nitric  acid, 
the  sea-salt  is  first  ignited,  as  recommended  by  the  Edinburgh  Col- 
lege, to  decompose  any  nitre  which  it  may  contain.  The  other  impu- 
rities may  be  avoided  by  employing  a  Woulfe's  Apparatus.  A  few 
drachms  of  water  are  put  into  the  first  bottle,  to  retain  the  muriate 
of  iroD  and  sulphuric  acid  which  pass  over,  and  the  muriatic  acid 
gas  is  condensed  in  the  second. 

Pure  concentrated  muriatic  acid  is  a  colourless  liquid,  which 
emits  white  vapours  when  exposed  to  the  air,  is  intensely  sour,  red- 
dens litmus  paper  strongly,  and  unites  with  alkalies  It  combines  with 
water  in  every  proportion,  and  causes  increase  of  temperature  when 
mixed  with  it,  though  in  a  much  less  degree  than  sulphuric  acid.  It 
freezes  at  — 60°  F ;  and  boils  at  110°  F,  or  a  little  higher,  giving  off  pure 
muriatic  acid  gas  in  large  quantity. 

Muriatic  acid  is  decomposed  by  substances  which  yield  oxygen  readi- 
ly. Thus  several  peroxides,  such  as  those  of  manganese,  cobalt,  and 
lead,  effect  its  decomposition.  Chloric,  iodic,  bromic,  and  selenic  acids 
act  on  the  same  principle.  The  action  of  nitric  acid  is  illustrative  of 
the  same  circumstance.  A  mixture  of  nitric  and  muriatic  acids,  in  the 
proportion  of  one  measure  of  the  former  to  two  of  the  latter,  has  long 
been  known  under  the  name  of  ^qua  regia  as  a  solvent  for  gold  and 
platinum.  When  these  acids  are' mixed  together,  the  solution  instant- 
ly becomes  yellow  ;  and  on  heating  the  mixture,  pure  chlorine  is  evolv- 
ed, and  the  colour  of  the  solution  deepens.  On  continuing  the  heat, 
chlorine  and  nitrous  acid  vapours  are  disengaged.  At  length  the  evo- 
lution of  chlorine  ceases,  and  the  residual  liquid  is  found  to  be  a  solu- 
tion of  muriatic  and  nitrous  acids,  which  is  incapable  of  dissolving 
gold.  The  explanadon  of  these  facts  is,  that  nitric  and  muriatic  acids 
decompose  one  another,  giving  rise  to  the  production  of  water  and  ni- 
trous acid,  and  the  separation  of  chlorine;  while  muriatic  and  ni- 
trous acids  may  be  heated  together  without  mutual  decomposition. 
it  is  hence  inferred  that  the  power  of  nitro-muriatic  acid  in  dissolv- 
ing gold  is  owing  to  the  chlorine  which  is  liberated.  (Sir  H.  Davy  in 
the  Quarterly  Journal,  vol.  i.) 

Muriatic  acid  is  distinguished  by  its  odour,  volatility,  and  strong  acid 
properties.  With  nitrate  of  silver  it  yields  the  same  precipitate  as 
chlorine ;  but  no  chloric  acid  is  generated,  because  the  oxygen  of  the 
oxide  of  silver  unites  with  the  hydrogen  of  the  muriatic  acid,  and  the 
chlorine  in  consequence  is  entirely  precipitated.  Notwithstanding  ni- 
trate of  silver  yields  the  same  precipitate  with  chlorine  and  mu- 
riatic acid,  there  is  no  difficulty  in  distinguishing  between  them  \  for 
tiie  bleaching  property  of  the  former  is  a  sure  ground  o^  d\%v!vKiC<\^\i« 
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Peroxide  of  chlorine 

86 

Cliloric  acid 

86 

Perchloric  acid 

86 
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Compounds  of  Chlorine  and  Oxygen. 

Chlorine  unites  with  oxygen  in  four  different  proportions.  The 
leading;  character  of  these  compounds  is  derived  from  the  circumsttnce 
that  chlorine  and  oxygen,  the  attraction  of  which  for  most  elementary 
substances  is  so  energetic,  have  but  a  feeble  afiSnity  for  one  another. 
These  principles,  consequently,  are  never  met  with  in  nature  in  a  state 
^of  combination.  Indeed,  they  cannot  be  made  to  combine  direet- 
'ly ;  and  when  they  do  unite,  very  slight  causes  effect  their  separatioo. 
Notwithstanding  this,  their  union  is  always  regulated  by  the  law  of  de- 
finite proportions,  as  appears  from  the  following  tabular  view  of  the 
constitution  of  the  compounds  to  which  they  give  rise*. 

Oxygen. 

82 
40 
66 

Protoxide  of  Chlorine. — 7*his  gas  was  discovered  in  1811  by  SirH. 
Davy,  and  was  described  by  him  in  the  Philosophical  Transactions  for 
that  year  under  the  name  of  Euehlorine.  It  is  made  by  the  action  of 
muriatic  acid  on  chlorate  of  potassa ;  and  its  production  ia  explicable 
by  the  fact,1hat  muriatic  and  chloric  acids  mutually  decompose  each 
other.  When  muriatic  acid  and  chlorate  of  potassa  are  mixed  together, 
part  of  the  muriatic  acid  unites  with  the  potassa  of  the  salt,  and  thus 
sets  chloric  acid  free,  which  instantly  reacts  on  the  free  muriatic  acid. 
The  result  of  the  reaction  depends  on  the  relative  quantity  of  the  sub- 
stances. If  chlorate  of  potassa  is  mixed  with  an  excess  of  concen- 
trated muriatic  acid,  the  chloric  acid  undergoes  complete  decomposi- 
tion. For  each  equivalent  of  chloric,  five  equivalents  of  muriatic  acid 
are  decomposed :  the  five  equivalents  of  oxygen  contained  in  the  for- 
mer unite  with  the  hydrogen  of  the  latter,  producing  five  equivalents 
of  water;  while  the  chlorine  of  both  acids  is  disengaged.  If,  on  the 
contrary,  the  chlorate  of  potassa  is  in  excess,  and  the  muriatic  acid 
diluted,  the  chloric  acid  is  deprived  of  part  of  its  oxygen  only;  and 
the  products  are  water,  protoxide  of  chlorine,  and  chlorine,  the  two 
latter  escaping  in  the  gaseous  form.  From  the  relative  proportion  in 
which  these  gases  are  evolved,  I  apprehend  that  for  each  equivalent 
of  chloric,  three  of  muriatic  acid  must  be  decomposed  ;  and  that  by 
the  reaction  of  their  elements,  they  yield  three  equivalents  of  water, 
two  of  pure  chlorine,  and  two  of  the  protoxide  of  chlorine. 

The  best  proportion  of  the  ingredients  for  forming  this  compound  is 
two  parts  of  chlorate  of  potassa,  one  of  strong  muriatic  acid,  and  one 
of  water;  and  the  reaction  of  the  materials  should  be  promoted  by 
heat  sufficient  to  produce  moderate  effervescence.  The  gases  should 
be  collected  over  mercury,  which  combines  with  the  chlorine,  and 
leaves  the  protoxide  of  chlorine  in  a  pure  state. 

The  protoxide  of  chlorine  has  a  yellowish-green  colour  similar  to 
that  of  chlorine,  but  considerably  more  brilliant,  which  induced  Sir 
H.  Davy  to  give  it  the  name  of  euehlorine.  Its  odour  is  like  that  of 
burned  sugar.  Water  dissolves  eight  or  ten  times  its  volume  of  the 
gas,  and  acquires  a  colour  approacning  to  orange.  It  bleaches  vege- 
table substances,  but  gives  the  blue  colours  a  tint  of  red  before  de- 


*  Note  by  Gay-Lussac  in  the  9\.Vi  ^oVume  ol  ^^  Mi.  ^<^  CSti.^\  ^ 
Physique. 
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stroying  tbem.    It  does  do(  unite  with  alkalies,  and  therefore  is  Dot 
an  acidT     ' 

The  protoxide  of  chlorine  is  explosive  io  a  high  degree.  The  heat 
of  the  hand,  or  the  pressure  occasioned  in  transferring  it  from  one  ves- 
sel to  another,  sometimes  causes  an  explosion.  This  effect  is  also 
occasioned  by  phosphorus,  which  bursts  into  flame  at  the  moment  of 
immersion.  All  burning  bodies,  by  their  heat,  occasion  an  explosion, 
and  then  burn  vividly  iu  the  decomposed  gas.  With  hydrogen  it  forms 
a  mixture  which  explodes  by  flame  or  the  electric  spark,  with  produc- 
tion of  water  and  muriatic  acid.  The  best  proportion  is  fifty  mea- 
sures of  the  protoxide  of  chlorine  to  eighty  of  hydrogen. 

The  protoxide  of  chlorine  is  easily  analyzed  by  heating  a  known 
quantity  of  it  ^a  ilrong  tube  over  mercury.  An  explosion  takes 
place ;  and  50  W  the  gas  expand  to  60  measures,  20  of  which  are 
oxygen,  and  40  chlorine.  The  specific  gravity  of  a  gas  so  constituted 
roust  be  2.444,  and  its  composition  by  weight  is,  chlorine  36  -j-  oxy- 
gen 8.     Its  atomic  weight  is  consequently  44. 

Peroxide  of  Chlorine. — The  peroxide  of  chlorine  was  discovered 
in  1815  by  Sir  H.  Davy*,  and  soon  after  by  Count  Stadion  of  Vienna. 
It  is  formed  by  the  action  of  sulphuric  acid  on  chlorate  of  potassa. 
A  quantity  of  this  salt,  not  exceeding  50  or  60  grains,  is  reduced  to 
powder,  and  made  into  a  paste  by  the  addition  of  strong  sulphuric 
acid.  The  mixture,  which  acquires  a  deep  yellow  colour,  is  placed  in 
a  glass  retort,  and  heated  by  warm  water,  the  temperature  of  which 
is  kept  under  212''  F.  A  bright  yellowish-green  gas  of  a  still  richer 
colour  than  the  protoside  of  chorine  is  disengaged,  which  has  an  aro- 
matic odour  without  any  smell  of  chlorine,  is  absorbed  rapidly  by  wa- 
ter, to  which  it  communicates  its  tint,  and  has  no  sensible  action  on 
mercury.    This  gas  is  the  peroxide  of  chlorine. 

The  chemical  changes  which  lake  place  in  the  process  are  explain- 
ed in  the  following  manner.  The  sulphuric  acid  decomposes  some  of 
the  chlorate  of  potassa,  and  sets  chloric  acid  at  liberty.  The  chloric 
acid,  at  the  moment  of  separation,  resolves  itself  into  peroxide  of 
chlorine  and  oxygen ;  the  last  of  which,  instead  of  escaping  as  free 
oxygen  gas,  goes  over  to  the  acid  of  some  undecomposed  chlorate 
01  potassa,  and  converts  it  into  perchloric  acid.  The  whole  pro- 
ducts are  bisulphate  and  perchlorate  of  potassa,  and  peroxide  of 
chlorine.  It  is  most  probable,  fiora  the  data  contained  in  the  preced- 
ing table,  that  every  three  equivalents  of  chloric  acid  yield  one  equiva- 
lent of  perchloric  acid  and  two  equivalents  of  peroxide  of  chlorine. 

The  peroxide  of  chlorine  does  not  unite  with  alkalies.  It  destroys 
most  vegetable  blue  colours  without  previously  reddening  them. 
Phosphorus  takes  fire  when  introduced  into  it,  and  occasions  an  ex- 

5 lesion.  It  explodes  violently  when  heated  to  a  temperature  of  212° 
i*,  emits  a  strong  light,  and  undergoes  a  greater  expansion  than  the 
piotoxide  of  chlorine.  According  to  Sir  H.  Davy,  whose  result  is 
confirmed  by  Gay-Lussac,  40  measures  of  the  gas  occupy  the  space 
of  60  measures  after  explosion ;  and  of  these,  20  are  chlorine  and  40 
oxygen.  The  peroxide  is  therefore  composed  of  36  parts  or  one 
equivalent  of  chlorine,  united  with  32  or  four  equivalents  of  oxygen. 
Its  specific  gpravity  must  be  2.361. 

Cmorie  acid, — When  to  a  dilute  solution  of  the  chlorate  of  baryta 
a  quantity  of  weak  sulphuric  acid,  exactly  sufficient  for  combining 
with  the  baryta,  is  added,  the  insoluble  sulphate  of  baryta  subsides. 


*  Pbllogopbical  TranaactioDB  for  1815. 
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and  pure  chloric  acid  remains  in  the  liquid.  This  acid,  the  existence 
of  which  was  originally  observed  by  Mr  Chenevix,  waa  first  ob- 
tained in  a  separate  state  by  Gav-Lussac. 

Chloric  acid  reddens  vegetable  blue  colours,  has  a  sour  taste,  and 
forms  neutral  salts,  called  chlorates,  (formerly  hyperoxymwriates) 
with  alkaline  bases.  It  possesses  no  bleaching  properties,  a  circnm- 
stance  by  which  it  is  distinguished  from  chlorine.  It  gives  no  pre- 
cipitate in  solution  of  nitrate  of  silver,  and  hence  caonot  be  mtstaken 
for  muriatic  acid.  Its  solution  may  be  concentrated  by  gentle  beati 
till  it  acquires  an  oily  consistence,  without  decomposition ;  but  at  i 
higher  temperature,  the  acid  in  part  is  volatilized  unchanged,  while 
another  portion  is  converted  into  chlorine  and  oxygen.  It  is  eaallj 
decomposed  by  deoxidizing  agents.  Sulphurous  acid,  for  instance, 
deprives  it  of  oxygen,  with  formation  of  sulphuric  wld  and  evolulioo 
of  chlorine.  By  the  action  of  sulphuretted  hydrogen,  water  li  gener* 
ated,  while  sulphur  and  chlorine  are  set  free.  The  power  of  muriatie 
acid  in  eflecting  its  decomposition  has  already  been  explained. 

Chloric  acid  is  readily  known  by  forming  a  salt  with  potassa,  wUeh 
crystallizes  in  tables  and  has  a  pearly  lustre,  which  deflagrates  like 
nitre  when  flung  on  burning  charcoal,  and  yields  peroxide  of  chtorine 
by  the  action  of  concentrated  sulphuric  acid.  Chlorate  of  potassi, 
like  most  of  the  chlorates,  gives  off' pure  oxygen  when  heated  to  red- 
ness, and  leaves  a  residue  of  the  chloride  of  potassium.  This  wis  the 
mode  by  which  Gay-Lussac  ascertained  the  composition  of  chloric 
acid,  as  stated  in  the  table.     (Auiiales  de  Chiroie,  vol.  xci.) 

Perchloric  acid  — The  saline  matter  which  remains  in  the  retort 
after  forming  the  peroxide  of  chlorine,  is  a  mixture  of  perchlorate  and 
bisulphatc  of  potassa;  and  by  washing  it  with  cold  water,  the  bisul- 
phate  is  dissolved,  and  the  perchlorate  is  left.  Perchloric  acid  may 
be  prepared  from  this  salt  by  mixing  it  in  a  retort  with  half  its  weight 
of  sulphuric  acid,  diluted  with  one-third  of  water,  and  applying  heat 
to  the  mixture.  At  the  temperature  of  about  284°  F.  white  vapours 
rise,  which  condense  as  a  colourless  liquid  in  the  receiver.  This  isi 
solution  of  perchloric  acid. 

The  properties  of  perchloric  acid  have  hitherto  been  little  examined. 
Count  Stadion*,  its  discoverer,  found  it  to  be  a  compound  of  one 
equivalent  or  36  part.<«  of  chlorine,  (o  56  or  seven  equivalents  of  oxy- 
gen ;  and  his  analysis  has  been  confirmed  by  Gay-Lussacf* 

Chloride  of  Kitrogeth. 

The  mutual  aflinity  of  chlorine  and  nitrogen  is  very  slight:  tlieydo 
not  combine  at  all  if  presented  to  each  other  in  their  gaseous  fom; 
and  when  combined,  they  are  easily  separated.  The  chloride  of  ni- 
trogen is  formed  by  the  action  of  chlorine  on  some  salt  of  ammonia. 
Its  formation  is  owing  to  the  decomposition  of  ammonia  (a  compound 
of  hydrogen  and  nitrogen)  by  chlorine.  The  hydrogen  of  the  ammo- 
nia unites  with  chlorine,  and  forms  muriatic  acid ;  while  the  nilropo 
of  the  ammonia,  being  presented  in  its  nascent  state  to  chlorinei  dis- 
solved in  the  solution,  enters  into  combination  with  it. 

A  convenient  method  of  preparing  chloride  of  nitrogen  is  the  follow- 
ing. An  ounce  of  muriate  of  ammonia  is  dissolved  in  twelve  or  sixteen 
ounces  of  hot  water ;  and  when  the  solution  has  cooled  to  the  tem- 
perature of  90"F.  a  glass  bottle,  with  a  wide  mouth,  full  of  chlofiDe, 

*  iinoales  de  Ch.  et  de  PVi^a\que,  voV  V\\\.  \  ^Myi.  tqI  ii. 


Chlorine.  205 

is  inverted  in  it  Tlie  solution  gradually  abtoibs  the  clilorine,  and 
acquirea  a  yellow  colour;;  and  in  about  twenty  minutes  or  lialf  an 
hour,  minate  globules  of  a  yellow  fluid  are  seen  floating  like  oil  upon 
iff  surface,  which,  after  acquiring  the  size  of  a  small  pea,  sink  to  the 
Iwttom  of  the  liquid.  The  drops  of  chloride  of  nitrogen,  as  they 
descend,  sliould  be  collected  in  a  small  saucer  of  lead,  placed  for  that 
porpofle  under  the  mouth  of  the  bottle. 

The  diloride  of  nitrogen,  discovered  in  1811  by  M.  Dulong,  (An. 
de  Chimie,  toL  Izzzvi.)  is  one  of  the  most  explosive  compounds  yet 
Imowni  having  l>een  the  cause  of  serious  accidents  both  to  its  dis- 
coverer and  to  Sir  H.  Davy*.  Its  specific  gravity  is  1.653.  It  does 
not  eoDgptl  by  the  intense  cold  produced  by  a  mixture  of  snow  and 
salt.  It  may  be  distilled  at  160°  F.,  but  at  a  temperature  between  200° 
and  212**  it  explodes.  It  appears  from  the  investigation  of  Messrs 
Porrett,  Wilson,  and  Kirkff  that  mere  contact  with  some  substances 
of  a  comlmstible  nature  cause  detonation  even  at  common  tempera- 
tures. This  property  l)elongs  particularly  to  the  oils,  both  volatile  and 
fixed.  I  have  never  known  olive  oil  foil  in  producing  the  effect. 
The  products  of  the  explosion  are  chlorine  and  nitrogen. 

Sir  H.  Davy  analyzed  the  chloride  of  nitrogen  by  means  of  mercu- 
nf,  which  unites  with  chlorine,  and  liberates  the  nitrogen.  He  in- 
ferred from  his  analysis  that  its  elements  are  united  in  Uie  proportion 
of  four  measures  of  chlorine  to  one  of  nitrogen  ;  and  it  hence  follows 
that,  by  weicht,  it  consists  of 

Chlorine  •  144        .         or  four  proportions. 

Nitrogen  .  14        .         or  one  proportion}. 

Camp<yunds  of  Chlorine  and  Carbon. — Perchloride 

of  Carbon. 

For  the  knowledge  of  the  compounds  of  chlorine  and  carl>on,  che- 
mists are  indebted  to  the  ingenuity  of  Mr  Faraday.  When  olefiant  gas 
(a  compound  of  carbon  and  hydrogen)  is  mixed  with  chlorine,  combi- 
nation takes  place  between  them,  and  an  oily-like  liquid  is  generated, 
which  consists  of  chlorine,  carbon,  and  hydrogen.  On  exposing  this 
liquid  in  a  vessel  full  of  chlorine  gas  to  the  direct  solar  rays,  the  chlo- 
rine acts  upon  and  decomposes  the  liquid,  muriatic  acid  is  set  free, 
and  the  carbon,  at  Uie  moment  of  separation,  unites  with  chlorine§. 

Tlie  perchloride  of  carbon,  as  this  compound  is  named  by  Mr 
Faraday,  is  solid  at  common  temperatures,  has  an  aromatic  odour  ap- 
proaching to  tluit  of  camphor,  is  a  non-conductor  of  electricity,  and 
refracts  light  very  powerfully.  Its  specific  gravity  is  exactly  double 
that  of  water.  It  fuses  at  820^  F.  and  after  fusion  it  is  colourless  and 
very  tnnsparent.    It  boils  at  860°,  and  may  be  distilled  without 


*  Philosophical  Transacticos,  1813. 
t  Nicholson's  Journal,  vol.  xxxiv. 

JBerzelius  states  the  composition  of  this  compound  to  be  three 
unes  of  chlorine  to  one  of  nitrogen,  corresponding  to  three  equi- 
valents of  the  former  to  one  of  the  latter.  These  proportions,  if 
fMmd  to  tie  correct,  will  render  the  chloride  and  iodide  of  nitrogen, 
aaakMEous  in  composition.    B. 

6  Tlie  reader  will  find  the  details  of  this  process  in  lV\e  ^Vi\\o«o^\i\- 
ealTransacUoDs  Air  1821,  or  la  the  second  volume,  l^.S.  oi  1&v«k  Miiii\% 
of  Pbilogopby. 
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change,  aBsaming  a  crystalline  arrangement  mb  it  condeOMt.  It  if 
sparingly  soluble  in  water,  but  dissolves  in  alcohol  and  ether,  eape^ 
cially  by  the  aid  of  heat.     It  is  soluble  also  in  fiied  and  volatile  oils. 

The  perchloride  of  carbon  bums  with  a  red  light  when 'held  in  the 
fiaoie  of  a  spirit-lamp,  giving  out  acid  vapours  and  smoke ;  bnt  tike 
combustion  ceases  as  soon  as  it  is  withdrawn.  It  bums  vividly  in 
oxygen  gas.  Alkalies  do  not  act  upon  it ;  nor  is  it  changed  by  the 
stronger  acids,  such  as  the  muriatic,  nitric,  or  sulphuric  acids,  even 
with  the  aid  of  heat.  When  its  vapour  is  mixed  with  hydrogen,  and 
passed  through  a  red-hot  tube,  charcoal  is  separated,  and  muriatic  aeid 
gas  evolved*.  On  passing  its  vapour  over  the  peroxides  of  metals, 
such  as  those  of  mercury  and  copper,  heated  to  redness,  a  chloride  of 
the  metal  and  carbonic  acid  are  generated.  Protoxides,  under  the 
same  treatment,  yield  carbonic  oxide  gas  and  a  metallic  chloride. 
Most  of  the  metals  decompose  it  also  at  the  temperature  of  ignitioOi 
uniting  with  the  chlorine,  and  causing  deposition  of  charcoal. 

From  the  proportions  of  chlorine  and  defiant  gas  employed  in  form- 
ing the  perchloride  of  carbon,  and  from  its  analysis,  made  by  pasring  it 
over  peroxide  of  copper  at  the  temperature  of  ignition,  Mr  Faraday 
infers  that  this  compound  consists  of 

Chlorine         .         lOS  or  three  proportionals. 

Carbon  12        •        or  two  proportionals. 

Protoehloride  of  carbon. — When  the  vapour  of  the  perehloridfl  of 
carbon  is  passed  through  a  red-hot  glass  or  porcelain  tube,  containisg 
fragments  of  rock  crystal  to  increase  the  extent  of  heated  surface, 
partial  decomposition  takes  place ;  chlorine  gas  escapes,  and  a  fluid 
passes  over  which  Mr  Faraday  calls  the  protoehloride  of  carbon. 

The  protoehloride  of  carbon  is  a  limpid  colourless  fluid,  which  does 
not  congeal  at  zero  of  Fahrenheit,  and  at  160°  or  170°  F.  is  converted 
into  vapour.  It  may  be  distilled  repeatedly  without  change ;  but 
when  exposed  to  a  red  heat,  some  of  it  is  resolved  into  its  elements. 
Its  specific  gravity  is  1.5526.  In  its  chemical  relations  it  is  very 
analogous  to  the  perchloride  of  carbon.  Mr  Faraday  analyzed  it  1^ 
transmitting  its  vapour  over  ignited  peroxide  of  copper,  and  infers 
from  the  products  of  its  decomposition — carbonic  acid  and  chloride  ot 
copper — that  it  is  composed.of 

Chlorine  .       *     36        .        or  one  proportional. 

Carbon  .  6         .         or  one  proportional. 

A  third  compound  of  chlorine  and  carbon  is  described  in  the  first 
volume.  New  Series,  of  the  Annals  of  Philosophy.  It  was  brootht 
from  Sweden  by  M.  Julin,  and  is  said  to  have  been  formed  daSof 
the  distillation  of  nitric  acid  from  crude  nitre,  and  sulphate  of  iron,  it 
occurs  in  small,  soft,  adhesive  fibres  of  a  white  colour,  which  have  a 
peculiar  odour,  somewhat  resembling  spermaceti.  It  fuses  on  the 
application  of  heat,  and  boils  at  a  temperature  between  860°  and  460* 


*  As  the  text  originally  stood,  it  read  as  follows  : — **  Alkalies  do 
not  act  upon  it ;  nor  is  it  changed  by  the  stronger  acids,  such  as  the 
muriatic,  nitric,  or  sulphuric  acids,  even  with  the  aid  of  heat ;  cha^ 
coal  is  separated,  and  muriatic  acid  gas  evolved."  There  is  eiddently 
some  omission  here,  as  the  last  clause  of  the  sentence  does  not  make 
sense  with  what  precedes  it.  The  words  which  have  been  supplied 
Mre  evidently  necessary  to  complete  the  sense ;  but  before  I  felt  satis- 
£ed  to  insert  them,  I  consuUed  \he  orif;inal  paper  of  Bir  Fanday  ia 

tbe  Philosophical  TransacUoiia,  %n4  S^^QoaXM  c\«aA<|  Vutifiee  the 

addition  which  I  have  made.    B. 
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F.  At  250*  F.  it  sublimes  slowly,  and  condenses  again  in  the  form  of 
long  needles.  It  is  insoluble  in  water,  acids,  and  alkalies;  but  is  dis- 
solved by  hot  oil  of  turpentine  or  by  alcohol,  and  forms  acicular  crys- 
tals as  the  solution  cools.  It  burns  with  a  red  flame,  emitting  much 
anoke,  and  fumes  of  muriatic  acid  gas. 

The  nature  of  this  substance  is  shown  by  the  following  circumstan- 
ces. When  its  vapour  is  exposed  to  a  red  heat,  evolution  of  chlorine 
gas  ensues,  and  charcoal  is  deposited.  A  similar  deposition  of  char- 
coal is  produced  by  heating  it  with  phosphorus,  iron,  or  tin,  and  a 
chloride  Is  fonned  at  the  same  time.  Potassium  burns  vividly  in  its 
vapoufy  with  formation  of  chloride  of  potassium,  and  separation  of 
charcoal.  On  detonating  a  mixture  of  its  vapour  with  oxygen  gas 
over  mercury,  a  chloride  of  that  metal  and  carbonic  acid  are  gene- 
rated. From  these  facts,  the  greater  part  of  which  were  ascertained 
by  Messrs  Phillips  and  Faraday*,  it  follows  that  the  substance  brought 
from  Sweden  by  M.  Julin  is  a  compound  of  chlorine  and  carbon  ;  and 
the  same  able  chemists  conclude  from  their  analysis  that  its  elements 
are  united  in  the  proportion  of 

Chlorine  .  S6,  or  one  equivalent. 

Carbon  .  12,  or  two  equivalents. 

Chloride  of  Sulphur. 

The  Chloride  of  Sulphur  was  discovered  in  the  year  1804  by  Dr 
Thomsonf*  and  was  afterwards  examined  by  Berthollett.  It  is  most 
conveniently  prepared  by  passing  a  current  of  chlorine  gas  over 
flowers  of  sulphur  gently  heated.  Direct  combination  takes  place, 
and  the  product  is  obtained  under  the  form  of  a  liquid  which  appears 
red  by  reflected,  and  yellowish-green  by  transmitted  light.  Its  den- 
sity is  1.6:  It  is  volatile  below  200**  F.  and  condenses  again  without 
c^anee  in  cooling.  When  exposed  to  the  air  it  emits  acrid  fumes, 
which  irritate  the  eyes  powerfully,  and  have  an  odour  somewhat  re- 
sembling sea-weed,  but  much  stronger.  Dry  litmus  paper  is  not  red- 
dened by  it*  nor  does  it  unite  with  alkalies.  It  acts  with  energy  on 
water; — mutual  decomposition  ensues,  the  water  becomes  cloudy 
from  deposition  of  sulphur,  and  a  solution  is  obtained,  in  which  muri- 
atic, sulphurous,  and  sulphuric  acids,  may  be  detected.  Similar  phe- 
nomena ensue  when  it  is  mixed  with  alcohol  or  ether. 

Sir  H.Davy  concludes  from  his  experiments,  (Elements,  p.  280,) 
that  the  chlorid*  of  sulphur  is  composed  of  30  parts  of  sulphur,  and 
68.4  of  chlorine.  This  proportion  leaves  little  doubt  of  its  being  a 
compound  of  36  or  one  equivalent  of  chlorine,  and  16  or  one  equiva- 
lent of  sulphur. 

Compounds  of  Chlorine  and  Phosphorus. 

There  are  two  definite  compounds  of  chlorine  and  phosphorus,  the 
nature  of  which  was  first  satisfactorily  explained  by  Sir  H.  Davy, 
(Elements,  p.  290.)  When  phosphorus  is  introduced  into  ajar  of  dry 
chlorine,  it  inflames,  and  a  white  matter  collects  on  the  inside  of  the 
vessel,  which  is  the  perehloride  of  phosphorus.  It  is  very  volatile, 
a  temperature  much  below  212°  F.  being  sufficient  to  convert  it  into 


*  Annab  of  Philosophy,  second  vol.  N.  S.  p.  160. 
t  Nicholson's  Journal,  vol  vi. 
^  Mamoireg  d'Areueil,  vol,  i. 
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Ttpoar.  Under  pressure  it  may  be  fused*  and  yields  transpaient  pris- 
matic crystals  in  copling. 

Water  and  perchloride  of  phosphorus  mutually  decompose  eadi 
other ;  and  the  sole  products  are  muriatic  and  phosphoric  acids.  Now  in 
order  that  these  products  should  be  formed,  consistently  with  the  con- 
stitution of  phosphoric  acid,  as  stated  at  page  188,  the  perehlorids 
must  consist  of  15.71  parts  or  one  equivalent  of  phosphorus,  and  M 
parts  or  two  equivalents  and  a  half  of  chlorine.  One  equiralentof  tks 
choride  and  two  and  a  half  of  water,  will  then  mutually  decompon 
each  other  without  any  element  being  in  eicets,  and  vield  MS 
equivalent  of  phosphoric  and  two  and  a  half  equivalents  of  mwiiliB 
acid.  This  proportion  is  not  far  from  the  truth ;  for  Sir  H.  Jkn 
states,  that  in  the  perchloride  one  grain  of  phosphorus  Is  united  m 
six  of  chlorine. 

The  protoehloride  of  phosphonu  may  be  made  either  by  beaUi| 
the  perchloride  with  phosphorus,  or  by  passing  the  vapour  of  pbsi- 
phorus  over  corrosive  sublimate  contained  In  a  glass  tube.  It  is  aelMi 
liquid  like  water,  of  specific  gravity  1.46;  emits  acid  fumes  wheosfr 
posed  to  the  air,  owing  to  the  decomposition  of  watery  vapour ;  but 
when  pure  it  does  not  redden  dry  litmus  paper.  On  mixing  it  wAk 
water,  mutual  decomposition  ensues,  heat  is  evolved,  and  a  soluttso 
of  muriatic  and  phosphorous  acids  is  obtained.  It  hence  appean  ts 
consist  of  15.71  parts,  or  one  proportional  of  phosphorus,  and  64  parti, 
or  one  proportional  and  a  half  of  chlorine. 

Chlorocarbonic  Acid  Gas. 

This  compound  was  discovered  in  1812  by  Dr  John  Davy,  who 
described  it  in  the  Philosophical  Transactions  for  that  year,  under  the 
name  of  pJioagene  gas*.  It  is  made  by  exposing  a  mixture  of  eqvil 
measures  of  dry  chlorine  and  carbonic  oxide  gases  to  sunshine,  when 
rapid  but  silent  combination  ensues,  and  they  contract  to  one-half  their 
volume.  DitTused  day-light  also  effects  their  union  slowly;  bnttbej 
do  not  combine  at  all  when  the  mixture  is  wholly  excluded  from 
light. 

Chloroearbonie  <ieid  gas  is  colourless,  has  a  strong  odour,  and 
reddens  dry  litmus  paper.  It  combines  with  four  tiroes  its  volume  of 
ammoniacal  gas,  forming  a  white  solid  salt ;  so  that  it  possesses  the 
characteristic  property  of  acids.  It  is  decomposed  by  contact  with 
water.  One  equivalent  of  each  compound  undergoes  decompodtion ; 
and  as  the  hydrogen  of  the  water  unites  with  cholerine,  and  its  oxv- 
een  with  carbonic  oxide,  the  products  are  carbonic  and  muriatic  aeidk 
When  tin  is  heated  in  chlorocarbonic  acid  gas,  the  chloride  of  tin  b 
generated,  and  carbonic  oxide  gas  set  free,  which  occupies  enct^ 
the  same  space  as  the  chlorocarbonic  acid  which  was  emplojred.  A 
similar  change  occurs  when  it  is  heated  in  contact  with  antlmooj, 
zinc,  or  arsenic. 

As  chlorocarbonic  acid  gas  contains  its  own  volume  of  both  iti 
constituents,  it  follows  that  100  cubic  inches  of  that  gas,  at  thesttnd* 
ard  temperature  and  pressure  must  weigh  105.9  grains  ;  namely,  78.86 
of  chlorine  added  to  29.65  of  carbonic  oxide.  Its  specific  gravity  b 
therefore  3.4721  ;  and  it  consists  of 

Chlorine  36        or  one  proportion. 

Carbonic  oxide  14        or  one  proportion. 


*  From  <^«c  U|^\\l  and  t^iklm  \  v't^^M^^ 
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Chloride  of  Boron. 

FI.  Davy  noticed  that  recently  prepared  boron  taken  fire  spon- 
isly  in  an  atmosphere  of  chlorioe,  and  emits  a  vivid  light ;  but 
i  not  examine  the  product.  Berzelius  remarlced,  that  if  the 
has  been  previously  heated,  whereby  it  is  'rendered  more  cooi- 
ihe  combustion  does  not  talce  place  till  heat  is  applied.  This 
ration  led  him  to  expose  boron,  thus  rendered  dense,  in  a  glass 

0  a  current  of  dry  chlorine,  and  to  heat  it  gently,  so  as  to  com- 
)  the  combustion  as  soon  as  the  atmospheric  air  was  completely 
ed.  The  resulting  compound  proved  to  be  a  colourless  gas, 
n  collecting  it  over  mercury,  which  absorbed  free  chlorine,  he 
*ed  the  chloride  of  boron  in  a  state  of  purity.  This  gas  is  rapidly 
led  by  water,  and  double  decomposition  takes  place  at  the  same 
it,  giving  rise  to  the  production  of  muriatic  and  boracic  acids. 
vatery  vapour  of  the  atmosphere  occasions  a  similar  change,  so 
rhen  the  gas  is  mixed  with  air  containing  hygrometric  moisture, 
se  irhite  cloud  is  produced.  The  specific  gravity  of  the  gas,  ac- 
ig  to  Dumas,  is  8.942.  It  is  soluble  in  alcohol,  and  communi- 
to  it  an  ethereal  odour,  apparently  by  the  action  of  muriatic  acid. 
tea  with  ammoniacal  gas,  forming  a  fluid  volatile  substance,  the 
>  of  which  is  unknown.-— (Annals  of  Phil.  xxvi.  129.) 

Dumas  finds,  that  chloride  of  boron  may  be  generated  by  the 

1  of  dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid,  heat- 
redness  in  a  porcelain  tube.  M.  Despretz  also  appear^  to  have 
ted  a  similar  process. — (Philos.  Magazine  and  Annals,  i.  469) 

B  composition  of  the  chloride  of  boron  may  be  inferred  from  its 
1  on  water.  If  the  constitution  of  boracic  acid,  as  ascertained 
r  Thomson,  is  correct,  (page  191)  the  chloride  of  boron  should 
at  of  72  parts  or  two  equivalents  of  chlorine,  and  8  parts  or  one 
ralent  of  boron ;  for  one  equivalent  of  such  a  compound,  with  two 
ater,  will  yield  one  of  boracic  and  two  equivalents  of  muriatic 


On  the  Nnture  of  Chlorine. 

e  change  of  opinion  which  has  ^adually  taken  place  among 
lists  concerning  the  nature  of  chlonne,  is  a  remarkable  fact  in  the 
ry  of  the  science.  The  hypothesis  of  Berthollet,  unfounded  as  it 
rcTailed  at  one  time  universally.  It  explained  phenomena  so 
actorily,  and  in  a  manner  so  consistent  with  the  received  chem* 
loctrine,  that  for  some  years  no  one  thought  of  calling  its  correct- 

into  question.  A  singular  reverse,  however,  has  taken  place, 
igh  this  view  has  not  hitherto  been  rigidly  demonstrated  to  be  er- 
niSy  it  haa  within  a  short  period  been  generally  abandoned,  even 
Braons  who,  from  having  adopted  it  in  early  life,  were  prejudiced 
I  faTOur.  The  reason  of  this  will  readily  appear  on  comparing  the 
tlieories,  and  examining  the  evidence  in  favour  of  each, 
ilorine,  according  to  the  new  theory,  is  maintained  to  be  a  simple 
,  because,  like  oxygen,  hydrogen,  and  other  analogous  substances, 
nnot  be  resolved  into  more  simple  parts.  It  does  not  indeed 
w  that  a  liody  is  simple,  because  it  has  not  hitherto  been  decern- 
d ;  but  as  chemists  ha^e  no  other  mode  of  estimating  the  ele- 
lary  nature  of  bodies,  they  must  necessarily  adopt  l\ua  QTke«  ^t 

none  at  al).    MaHtUe  acid,  by  the  same  rule,  \a  couaV^m^  V(» 
eompouad  ofcbhriae  and  hydrogen.     For  whea  U  \a  exi^oaft^  X» 
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the  aKCDcy  of  galyanisro,  it  is  resolved  ioto  these  rabstences ;  aod  br 
miiin^  the  two  giseB  in  due  proportion,  and  pasiiDg  an  electric  spam 
through  the  mixture,  muriatic  acid  gas  Is  the  product.  Chemists  have 
no  other  kind  of  proof  of  the  compositioQ  of  water,  of  potissa,  or  of 
any  other  compound. 

Very  different  is  the  evidence  In  support  oC  the  thooiy  of  Berthsl* 
let.  Acccording  to  that  view,  muriatic  acid  gas  is  composed  of  i^ 
golute  muriatic  acid,  and  water  or  its  elements ;  chlorine  eonristi  of 
absolute  muriatic  acid  and  oxygen;  and  ab§ohUe  muriaiuiuidbt 
compound  of  a  certain  unknown  base  and  oxygen  gas.  Now  allthM 
propositions  are  gratuitous.  For,  in  the  first  place,  muriatic  add  pf 
has  not  been  proved  to  contain  water.  Secondly,  the  assertion  wt 
chlorine  contains  oxygen  is  opposed  to  direct  experiment,  the  aoit 
powerful  deoxidizing  agents  having  been  unable  to  deprive  that  p» 
of  a  particle  of  oxygen.  Thirdly,  the  existence  of  such  a  substsMS 
as  absolute  muriatic  acid  is  wholly  without  proof,  and  therefoie  iti  • 
supposed  base  is  also  imaginary. 

But  this  is  not  the  only  weak  point  of  the  doctrine.  Since  cMo« 
rine  is  admitted  by  this  theory  to  contain  oxygen,  It  was  neeessaiy  to 
explain  how  it  happens  that  no  oxygen  can  be  separated  from  it 
Thus,  on  exposing  chlorine  to  a  powenul  galvanic  battery,  ozygeagM 
does  not  appear  at  the  positive  pole,  as  occurs  when  other  ozldiiod 
bodies  are  subjected  to  its  action ;  nor  is  carbonic  acid  or  carbonic  ox- 
ide evolved,  when  chlorine  is  conducted  over  ignited  charooal.  To 
account  for  the  oxygen  not  appearing  under  these  circumstances,  it 
was  assumed  that  absolute  muriatic  acid  is  unable  to  exist  in  an  on- 
combined  state,  and  therefore  cannot  be  separated  from  one  substance 
except  by  uniting  witli  another.  This  supposition  was  thought  to  be 
supported  by  the  analogy  of  certain  compounds,  such  as  nitric  and 
oxalic  acid^,  which  appear  to  be  incapable  of  existing  except  when 
combined  with  water  or  some  othei  substance.  The  analogy,  bow- 
ever,  is  incomplete ;  for  the  decomposition  of  such  compounds,  when 
an  attempt  is  made  to  procure  them  in  an  insulated  state,  is  manifest- 
ly owing  to  the  tendency  of  their  elements  to  enter  into  new  combi- 
nations. 

Admitting  the  various  assumptions  which  have  been  stated,  most  of 
the  phenomena  receive  as  consistent  an  explanation  by  the  old  as  by 
the  new  theory.  Thus,  when  muriatic  acid  gas  is  resolved  by  galvan- 
ism into  chlorine  and  hydrogen,  it  may  be  supposed  that  the  absoliUe 
muriatic  acid  attaches  itself  to  the  oxygen  of  the  water,  and  fomM 
chlorine,  while  the  hydrogen  of  the  water  is  attracted  to  tlie  opposite 
pole  of  the  battery.  When  chlorine  and  hydrogen  enter  into  combi- 
nation, the  oxygen  of  the  former  may  be  said  to  unite  with  the  latter, 
aod  that  muriatic  acid  gas  is  generated  by  the  water  so  formed  com- 
bining with  the  absolute  muriatic  acid  of  the  chlorine.  The  evolih 
tion  of  chlorine,  which  ensues  on  mixing  muriatic  acid  and  peroxide 
of  manganese,  is  explained  on  the  supposition  that  absolute  murit^ 
acid  unites  directly  with  the  oxygen  of  the  black  oxide  of  manganese. 

It  will  not  be  difficult  after  these  observations  to  account  for  the 
preference  shown  to  the  new  theory.  In  an  exact  science,  such  as 
chemistry,  every  step  of  which  is  required  to  be  matter  of  demoostn- 
tion,  there  is  no  room  to  hesitate  between  two  modes  of  reasoningt 
one  of  which  is  hypothetical,  and  the  other  founded  on  experiment. 
Nor  is  there,  in  the  present  instance,  temptation  to  deviate  from  the 
strict  Jogie  of  the  science  ;  for  there  is  not  a  single  phenomenon  which 
may  not  be  fully  explained  on  iVke  hcnv  v\i«o\^, Vd  «L\sy9Lnner  quite coo- 
sistoat  with  the  laws  of  chetmcaV  ^^cVXou'ui  ^^i^taSi.  Yx.^^tvaws^^Mfe^ 
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it  one  time,  (bat  the  sudden  decompoiitioii  of  water,  ocet- 
'  the  action  of  that  liquid  on  the  compounda  of  chlorine  with 
pie  substances,  constitutes  a  real  objection  to  the  doctrine  ; 
.  aftervirards  appear,  that  the  acquisition  of  new  facts  has  de- 
9  argument  of  all  its  force.  While  nothing  tlierefore  can 
,  much  may  be  lost  by  adopting  the  doctrine  of  BerthoUet. 
e  ie  regarded  as  a  compound  body,  the  same  opinion,  though 
oppoeition  to  the  result  of  observation,  ought  to  be  extended 
auhd  bromine  ;  and  as  other  analogous  substances  may  beie- 
liscovered,  in  regard  to  which  a  similar  hypothesis  will  apply, 
3US  that  this  view,  if  proper  in  one  case,  may  legitimately  be 
to  others.  One  encroachment  on  the  method  of  strict  in- 
Fould  consequently  open  the  way  to  another,  and  thus  the 
the  science  would  eventually  be  destroyed. 
9  attempt  was  made  some  years  ago  by  the  late  Dr  Murray, 
airate  the  presence  of  water  or  its  elements  as  a  constituent 
LUiiatic  acid  gas,  and  thus  to  establish  the  old  theory  to  the 

0  of  the  new.  Into  this  discussion,  however,  I  shall  not  en- 
aa  it  would  lead  into  details  too  minute  for  an  elementary 

I  may  only  observe,  in  referring  the  reader  to  the  original 

1  the  subject*,  that  Dr  Murray  d^d  not  succeed  in  establishing 
;  and  that  his  arguments,  though  exceedingly  plausible  and  in- 
here fully  answered  by  Sir  Humphry  and  Dr  John  Davy.  I 
»  state,  that  the  history  of  the  ooly  experiment  which  strictly 
on  the  question, — that,  namely,  in  which  muriatic  acid  and 
cal  gases  were  mixed  together,  amounts  very  nearly  to  a  de- 
ion  of  the  absence  of  combined  water  in  muriatic  acid  gas. 
es  of  humidity,  which  were  observed,  may  easily  be  account* 
'  the  difficulty  of  rendering;  gases  absolutely  dry,  which  have 
reB  a  strong  affinity  for  moisture ;  whereas  the  absence  of  so 
quantity  of  water,  as  ought,  according  to  Dr  Murray's  argu- 

)  be  present  in  muriatic  acid  gas,  does  not  admit  of  a  satisfac- 
lanation,  except  by  supposing  that  gas  to  be  anhydrous. 


SECTION  XII. 

10DIJ\rE. 

I  was  discovered  in  the  year  1812  by  M.  Courtois,  a  manufac- 
saltpetre  at  Paris.    In  preparing  carbonate  of  soda  from  the 

sea- weeds,  he  observed  that  the  residual  liquor  corroded  me« 
nets  powerfully ;  and  in  investigating  the  cause  of  the  corro- 
noticed  that  sulphuric  acid  threw  down  a  dark  coloured  mat- 
ch was  converted  by  the  application  of  heat  into  a  beautiful 
ipour.  Struck  with  its  appearance,  he  gave  some  of  the  sub- 
9  M.  Clement,  who  recognised  it  as  a  new  t>ody,  and  in  1813 
d  some  of  its  leading  properties  in  the  Royal  Institute  of 

Its  real  nature  was  soon  after  determined  by  Gay-Lussac  and 


Nicholson's  Journal,  vols.  xxxi.  xxxii.  and  xxxiv.    Edinburgh 
Trans,  vol.  viii.  and  PhiJos.  Trans,  for  1818. 


IH.  Diiy,  each  of  whom  proved  Ihat  it  i«  a  simplo  noi 
■tance,  exceedingly  analoj^u)  lo  chlorine*, 
odine,  It  common  lempeialureB,  i«  ■  safi  friable  ojiake  I 
Wi-blicli  calour,  md  metallic  lustre.     It  oceun  imdiUjI 
lieoleB,  havlDg  the  appearance  orialcaceous  iron-ore;  bi: 
«■  cryatallliea  in  large  rhomboidal   plales,  Ihe  priinilii 
Ich  i«  an  octahedron.     Ita  ■peelRc  firnrity,  sccordiog  loGi 
,  la  4.948 ;  but  Dr  Tbomaon  found  it  only  3.DS14.    At  229* 
•d,  anil  enters  Into  ebullilion  113-17';  but  nhen  tnirifniniil 
It,  II  I*  sublimed  rapidly  even  belanr  the  depee  of  bi  ' 
1  suBera  a  ^tadual  diMipatlon  il  low  lemperalurei.     1 
■n  eicecdingly  rich  violet  colour,  a  character  to  which  II  oa 
ne  of  hdiae\.     This  vapour  la  remaikahly  denae,  ita  iptdl' 
f,  af  calculated  by  the  formula  ofpat' t29,  being  8.61DS;«I 
directly  observed  by  M.  Dumaa.     Hence  100  cubic  iodi 
Ddard  lemperalure  and   preisuie,  musi  weigh  293Mi  pi 
omaon   iofcra,    parity  from  the  experinienls  of  Giy-Loi 
lly  from  hi>  own  reaearchei,  that  the  atomic  weight  of  iadbutif 
Iodine  [a  a  non-conductor  of  elcctriclly,  iDd,  like  oxygen  Ul' 
b,  la  a  negallve  eleclcic.    Il  haaa  very  icrid  laate,  i    " 
Mat  eiBGlly  almilar  lo  that  of  chloilae>  when  iuuf 
■    It  acta  energetically  on  Ihe  animal  ■yitem  aa  an 
I  la  emplayeil  with  advantajre  In  medicine  In  very  an 
Iodine  I*  very  fpariuxly  soluble  in  water,  requiring  atHHitll 
weight  of  that  liquid  liir  solution.    1 1  cominunleatei,  bom 
Ihia  minute  quantliy,  a  brown  lint  to  the  menalFuum.   All 
Mr  diaaolve  il  fieely,  and  the  solution  faaa  a  deep  leddU 
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Iodine  poaaenaea  an  eTtonslve  range  of  affinity.     Il  deil 

Je  coloura,  though  in  »  much  isaa  degree  than  chlorine. 

U  llllle  diapoallion  lo  combine  with  metallic  oniiles ;  b 

BDR  atlriclion  Tor  tha  pure  metals,  and  for  moat  of  the  ilmp 

ilallic  subitancea,  producing  compounds  which  ate  temirf . 

lodurfti.     Il  ia  not   inflamoiabie;  but  under  favourable  i 

Dcea  may,  like  chlorine,  be  made  lo  unite  wllh  oiygen. 

D  of  Ihe  pure  alkalies  acts  upon  It  in  the  aaine  manner  ai  ape 

a,  giving  rise  to  the  decomposilion  of  waler  and  ihe  loTm 

ic  and  hydriodlc  acids. 

E^lre  iodine  is  not  influenced  chemically    by  the   imponil 

:posure  to  ihe  direct  solar  rays,   or  to  ^rong  shacks  of  e' 

la  nol  change  lis  nature.     Il  may  bo  passed  Ibrough  red-lMl 

pver  iDlenioly  ignlled  charcoal,  wilhoul  any  appearance  of  i 

idtlon;  nor  i*il  affected  by  the  ngency  of  gaivanlin),    Ch 

leed,  are  unable  lo  leaolve  II  into  more  simple  pans,  and 

Hilly  It  fa  regarded  aa  an  elementary  principle. 

the  violel  hue  of  the  vapour  of  iodine  is  for  many  purposel 

WJy  aute  indication  of  Ita  presence.    A  far  more  delicate  tet^^  -      ^    -  ^i  \ 

h,  was  discovered  by  MM.  Colin  and  Gaultier  de  Cliubiy.       -._  ''°''!^  \ 

^  that  iodine  has  the  properly  of  uniiing  with  starch,  and  of  fo  *^^^1^   l 
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Stromeyer,  is  so  delicate,  that  a  liquid  coDtalning  1— -460,000  of  its 
freight  of  iodine,  receives  a  blue  tinge  from  a  solution  of  starch.  Two 
precautions  should  be  observed  to  insure  success.  In  the  first  place, 
!fae  iodine  must  be  in  a  free  state  ;  for  it  is  the  iodine  itself  only,  and 
Bot  its  compounds,  which  unite  with  starch.  Secondly,  the  solution 
ioold  be  quite  cold  at  the  time  of  adding  the  starch  ;  for  boiling  wa- 
sr  decomposes  the  blue  compound,  and  consequently  removes  its 
ttlour. 

Iodine  and  Hydrogen — Hydriodic  Acid  Gas. 

When  a  mixture  of  hydrogen  and  the  vapour  of  iodine  is  transmitted 
irougb  a  red-hot  porcelain  tube,  direct  combination  takes  place  be- 
veep  them,  and  a  colourless  gas,  possessed  of  acid  properties,  is  the' 
roduct.  To  this  substance  the  term  Hydriodic  acid  gas  is  applied. 
This  gas  may  be  obtained  quite  pure  by  the  action  of  water  on 
dide  o?  phosphorus.  Any  convenient  quantity  of  moistened  iodine 
put  into  a  small  glass  retort,  and  about  one-twelfth  of  its  weight  of 
loaphonis  is  then  added.  An  iodide  of  phosphorus  is  formed,  which 
sUntly  reacts  upon  water.  Mutual  decomposition  ensues ;  the  oxy- 
m  of  the  water  unites  with  phosphorus,  and  its  hydrogen  with  iodine, 
ving  rise  to  the  formation  of  phosphoric  and  hydriodic  acids.  On 
le  application  of  a  moderate  heat,  the  latter  passes  over  in  the  form 
'  a  colourless  gas. 

Tbe  hydriodic  acid  gas  has  a  very  sour  taste,  reddens  v^etable  blue 
ilonrs  without  destroying  them,  produces  dense  white  Rimes  when 
lized  with  atmospheric  air,  and  has  an  odoar  similar  to  that  of  muri- 
ic  acid  gas.    It  combines  with  alkalies,  forming  salts  which  are  called 
^driodatet.    Like  muriatic  acid  gas  it  cannot  be  collected  over  wa- 
ir ;  for  that  liquid  dissolves  it  in  large  quantity. 
Hydriodic  acid  is  decomposed  by  several  substances  which  have  a 
trong  affinity  for  either  of  its  elements.    Thus  oxygen  gas,  when 
eated  with  it,  unites  with  the  hydrogen,  and  liberates  the  iodine. 
Iblorioe  effects  the  decomposition  instantly ;  muriatic  acid  gas  is  pro« 
uced,  and  the  iodine  appears  in  the  form  of  vapour.    With  the  strong 
itrous  acid  of  the  Edinburgh  Pharmacopceia  it  takes  fire,  and  the 
apour  of  iodine  is  set  free.    It  is  also  decomposed  by  mercury.    The 
ecomposition  begins  as  soon  as  hydriodic  acid  comes  in  contact  with 
nercury,  and  proceeds  steadily,  and  even  quickly  if  the  gas  is  agitated, 
Dl  nothing  but  hydrogen  remains.    Gay-Lussac  ascertained  by  this 
uelhod  that  100  measures  of  hydriodic  acid  gas  contain  precisely  half 
heir  volume  of  hydrogen.    This  result  induced  him  to  suspect  that  the 
:omposition  of  hydriodic  must  be  analogous  to  that  of  muriatic  acid 
:as ;  that,  as  100  measures  of  the  latter  contain  50  of  hydrogen  and 
io  of  chlorine,  100  measures  of  the  former  consist  of  60  of  hydrogen 
ind  60  of  the  vapour  of  iodine.    If  this  view  be  correct,  then  the 
Mnnposition  of  hydriodic  acid  gas,  by  weight,  may  be  determined  by 
adculation.    For  since 

Grains. 
60  cubic  inches  of  the  vapour  of  iodine  weigh  131.306 
60        .  •         hydrogen  gas  .  .  1.059 

100  cubic  inches  of  hydriodic  acid  gas  must  weigh  132.365 

ind  iu  specific  gravity  will  be  4.339S.  Now  Gay-Lussac  ascertained, 
by  weighing  the  hydriodic  acid  gas,  that  its  density  is  4.44^,—^  ii»ni- 
ber  whieb  corregpoDdB  bo  closely  with  the  preceding*  M  lo  \q^^«  x^^ 
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MM  t0  Mim,  liidMd.  dMit  te  «iMfad«d  fOMiC,  if  « 
ML  It  fwy  Mtr  the  tnifli;  for  G«r-lAMie  ftaSM*  thit 
SigmlMd by  U»  tfnetl^ irioo bgh.    (Aaa-doCUii 

SiMM  toteo  ttid  hydfogMi  mil*  la  om  MoportlM  on 
MMtonpuvMMAConiwiindofoM  •qomleat  of  aid 
•a  oplBtMi  fopportMl  bom  bj  tho  pioportlooo  of  wfaieh 
Maoi  with  othir  fubttiiieof,  and  bj  Iho  antlonr  of  m 
TIm  ooMtltattoo  of  hydfiodle  Mid  may  Iboioino  bo  thni 

B]/  Voktmt,       Bji  Wtlf^ 
lodioo  60  1S4  or  OBO  prop 

H jdrofon     .       60       •  1  <or  one  prop 

"lOO  "l» 

Mi  III  comblnim  propoitkm  If  Itf. 

WImi Kydflodle  add ita to oondoetod late  wttortmi 
Mbclwiiod  «tllilt,acAMifl6io  addaohitioa  taobtalaed, 
Wli  taMB  oa  oipQiara  to  tho  air,  aad  haa  a  doaoHjr  of 
lafwianod  aba  by  tianaadtthn  a  conaatdf  aolphorett 
|M iaaailh  waftaria  whidi  iodhM  fai  flao Mwdar is ioip 
Mfea^ltai  havlaf  fiaalar  attohy  thaa  aalpfaar  for  hydri 
■aaaalfca  aahhamtod  hydiogea ;  aad  honco  adfphnr  if 
iQPMadla  MM  MMlacod.  Aa  aooa  m  te  todlaa  hM  (Hn 
hooawa  laiaailaw.  It  lo  heated  for  a  ahort  tliae  to  expel  i 
MHpaiettfd  hydrojieB,  and  fubtequeatly  filterad  to  i 
aaiveer* 

The  aoliition  of  hydriodie  acid  is  readily  decompofed.  ' 
MOOre  during  a  few  hours  to  the  atmosphere,  toe  oxys 
formf  water  with  the  liydrogen  of  the  acid,  and  sets  iodia 
solution  is  found  to  have  acquired  a  yellow  tint  from  tlie 
nncombined  iodine,  and  a  blue  colour  is  occasioned  by  tin 
starch.  Nitric  and  sulphuric  acids  lilcewise  decompose  il 
ozyn n,  the  former  being  at  the  seme  time  converted  into 
the  Tatter  into* sulphurous  acid.  Ghlorine  unites  directly 
drogen  of  the  hydriodie  acid,  and  muriatic  acid  is  forme 
paration  of  iodine  in  all  these  cases  may  be  proved  in  t 
mentioned.  These  circumstances  afford  a  sure  test  of  the 
hydriodie  acid,  whether  free  or  in  combination  with  allcali 
Is  necessary,  is  to  mix  a  cold  solution  of  starch  with  the 
viously  concentrated  by  evaporation  if  necessary,  and  the 
drops  of  strong  sulphuric  acid.  A  blue  colour  will  mak 
ance  if  hydriodie  acid  is  present. 

Hydriodie  acid  is  frequently  met  with  in  nature  In  comi 
potassa  or  soda.    Under  this  form  it  occurs  in  many  si 
mineral  springs.    It  has  been  detected  in  the  water  of 
ranean,  in  the  oyster,  and  some  other  marine  molluscoo 
sponges,  and  in  most  Icinds  of  sea- weed.    In  some  of  t 
tions,  such  as  the  J^ctis  serratus  and  Fuetu  digitcUu$t  I 
formed,  and  according  to  Dr  Fyfe  (Edinburgh  Philos.  Jo 
Biay  be  separated  by  the  action  of  water ;  but  in  others 
toeied  only  after  incineration.    The  marine  animals  and 
^■■a  idhflvit  the  hydriodVc  acVd  \Vie>)  ^o\i\»\ti  l\^x&^<b  ««^ 
■H  It  alfo  tn  the  ndnetaX  >LVnf;\oTn,  Vc^  cAtG^tAS&ji 
^CIlllDle•td•Fhyf^qJle»No\.xxVa.,^ 
Vaa -oC  oaauaacee  \i  ^toc^^ieavt^ta^^AN 
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■oda,  called  kelp,  which  is  prepared  in  large  quantity  oo  the 
rthem  ehores  of  Scotland,  by  incinerating  sea- weeds.  The  kelp  is 
iployed  by  soap-makers  for  the  preparation  of  carbonate  of  soda;  and 
9  dark  residual  liquor,  remaining  after  that  salt  has  crystallized,  con- 
ns a  considerable  quantity  of  hydriodicacid,  combined  with  soda  or 
taaaa.  By  adding  a  sufficient  quantity  of  sulphuric  acid,  the  hy- 
odic  add  is  separated  from  the  alkali,  and  then  decomposed.  The 
line  sublimes  when  the  solution  is  boiled,  and  may  be  collected  in 
d1  glass  receivers.  A  more  convenient  process  is  to  employ  a  moder- 
3  excess  of  sulphuric  acid,  and  then  add  some  of  the  peroxide  of 
iDganese  to  the  mixture.  The  oxygen  of  the  manganese  decom- 
ses  the  hydriodic  acid,  and  protosulphate  of  manganese  is  formed. 
»r  Ure's  Paper  in  the  50th  volume  of  the  Philosophical  Magazine.) 

Iodine  and  Oxygen. — Iodic  Acid. 

Iodic  acid  was  discovered  about  the  same  time  by  Gay-Lussac  and 
ir  H.  Davy  ;  but  the  latter  first  succeeded  in  obtaining  it  in  a  per- 
ctly  pure  state.  When  iodine  is  brought  into  contact  with  protoxide 
f  cbloriDe,  immediate  action  ensues;  the  chlorine  of  the  protoxide 
Dites  with  one  portion  of  iodine,  and  its  oxygen  with  another,  form- 
ic two  compounds,  a  volatile  orange-coloured  matter,  the  chloriodic 
nd»  and  a  white  solid  substance,  which  is  iodic  adi.  On  applying 
eat»  the  former  passes  o£f  in  vapour,  and  the  latter  remains.  (Philos. 
Vans,  for  1816.) 

This  compound,  which  was  termed  oxiodine  by  Sir  H.  Davy,  is 
nhydrou*  iodic  acid.    It  is  a  white  semitransparent  solid,  which  has 

■trong  astringent  sour  taste,  but  no  odour.  Its  density  is  consider- 
ble,  as  it  sinks  rapidly  in  sulphuric  acid.  When  heated  to  the  tempera- 
are  of  about  600°  F.  it  is  fused,  and  at  the  same  time  resolved  into 
(Zygen  and  iodine. 

Iodic  tcid  deliquesces  in  a  moist  atmosphere,  and  is  very  soluble  in 
rater.  The  liquid  acid  thus  formed  reddens  vegetable  blue  colours, 
md  afterwards  destroys  them.  On  evaporating  the  solution,  a  thick 
oass  of  the  consistence  of  paste  is  left,  which  is  hydrous  iodic  acid, 
md  from  which,  by  cautious  application  of  heat,  the  water  may  be  ex- 
>elled.  It  acts  powerfully  on  inflammable  substances.  With  char- 
iOMl,  sulphur,  sugar  and  similar  combustibles,  it  forms  mixtures  which 
fletonate  when  heated.  It  enters  into  combination  with  metallic 
Dxides,  and  the  resulting  salts  are  called  iodatea.  These  compounds, 
like  the  chlorates,  yield  pure  oxygen  by  heat,  and  deflagrate  when 
thrown  on  burning  charcoal. 

Iodic  acid  unites  with  several  of  the  acids,  such  as  the  sulphuric, 
nitric,  phosphoric,  and  boracic  acids  ;  and  with  the  three  first  it  forms 
erystallizable  compounds.  It  is  decomposed  by  sulphurous,  phos- 
phorous, and  hydriodic  acids,  and  by  sulphuretted  hydrogen.  Iodine  in 
each  case  is  set  at  liberty,  and  may  be  detected  as  usual  by  starch. 
Iforiatic  and  iodic  acids  decompose  each  other,  water  and  chloriodie 
idd  l>eing  generated. 
Sir  H.  Davy  analyzed  iodic  acid  by  determining  the  quantity  of  oxy- 

En  which  it  evolves  when  decomposed  by  heat.  Gay-Lussac  ef- 
:tad  the  same  object  by  heating  iodate  of  potassa,  when  pure  ozy- 
geo  was  given  off*,  and  iodide  of  potassium  remained.  From  the  re- 
sult of  these  analyses,  it  appears  that  iodic  acid  is  a  compound  of  124 
parts,  or  one  equivalent  of  iodine,  and  40  parts  or  five  equivalents  of 
oxygen.  The  sum  of  these  numbers,  or  164,  is  therefore  Ibe  comXAii- 
kig  proportion  of  the  »cid»  * 
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M»d&U8  acid.  This  name  was  applied  to  a  compound  prapoiod  it 
1824  by  Professor  Sementioi  of  Naples  by  the  actioD  or  iodiao  «  1 
chlorate  of  potassa.  (Quarterly  Journal  of  Science,  XVU.  Kl.) 
Equal  parts  of  the  materials  are  triturated  together  fn  a  glasi  or  pons- 
lain  mortar,  until  they  form  a  Tory  fine  pulyerulent  yellow  ausi^  h 
which  the  metallic  lustre  of  the  iodine  is  no  longer  pereepdMe. 
The  miiture  is  then  heated  in  a  glass  retort ;  and  as  aoon  as  Ihs 
chlorate  begins  to  lose  oxygen,  iodous  acid  rises  in  the  form  of  a  don 
white  vapour,  and  condenses  in  the  neck  of  the  retort  Into  a  ysHsw 
liquid,  which  falls  in  drops  into  the  receiver. 

The  liquid  thus  formed  is  of  an  oily  consistence,  and  of  a  pecaBiilf 
disagreeable  odour,  somewhat  resembling  euchlorine.  It  has  so  sdd 
astringent  taste,  and  leaves  a  burning  sensation  on  the  tongue.  It 
reddens  vegetable  blue  colours  permanently,  without  destroying  thsa* 
With  water  and  alcohol  it  forms  amber-coloured  solutions.  Its  d«- 
sity  is  greater  than  that  of  water.  It  is  rapidly  volatilised  at  tlT  F, 
and  evaporates  slowly  at  common  temperatures.  It  Is  decompossdty 
sulphur,  and  phosphorus  and  potassium  take  fire  as  soon  as  thoy  MM 
in  contact  with  it. 

After  repeating  the  experiments  of  Sementini  and  ezaminfaif  Ai 
product,  M.  Wohler  asserts  that  it  does  not  consist  of  iodine  and  aj^ 

§en,  but  chlorine  and  iodine.  Part  of  the  chloric  add,  it  appein  ii 
ecomposed  ;  but  its  elements,  uniting  with  separate  portions  of  Is- 
dine,  yield  iodic  acid,  which  remains  in  the  retort  coml>ined  with  po- 
tassa, and  chloride  of  iodine,  similar  to  that  described  l>y  Gay-LonM, 
which  is  sublimed.  (Edin.  Joum.  of  Science,  No.  XIl.  S52.)  Frhb 
some  other  experiments,  however,  M.  Sementini  has  almost  profod 
the  existeuce  both  of  iodous  acid  and  an  oxide  of  iodine.  He  stitM 
that  on  bringing  together  the  vapour  of  iodine  and  oxygen  gu  cood- 
derably  heated,  the  violet  tint  of  the  former  disappears,  and  a  yeUow 
matter  of  the  consisteoce  of  solid  oil  is  generated.  7*his  be  regirditf 
the  oxide  of  iodine ;  and  if  the  supply  of  oxygen  is  kept  up  after  iti 
formation,  it  is  converted  into  iodous  acid  similar  to  that  above  men* 
tioned  From  the  mode  in  which  the  process  is  described,  there  cao  [ 
scarcely  be  a  doubt  that  some  compound  of  iodine  and  oxygen  is  thus 
formed ;  but,  at  the  same  time,  the  new  compounds  have  not  been  ex- 
amined analytically,  nor  has  the  chemical  xronstitution  of  the  substao* 
ces  hitherto  prepared  by  M.  Sementini  been  determined  with  thatae* 
curacy  required  for  inspiring  confidence  in  his  results.  (Quarterly 
Journal  of  Science,  N.S.  I.  478.) 

Chloriodic  Acid. 

Chlorine  is  absorbed  at  common  temperatures  by  dry  iodine  wtik 
evolution  of  caloric,  and  a  solid  compound  of  iodine  and  chlorine  re- 
sults, which  was  discovered  both  by  Sir  H.  Davy  and  Gay-LoMC. 
The  colour  of  the  product  is  orange-yellow  when  the  iodine  is  M^f 
saturated  with  chlorine,  but  is  of  a  reddish-orange  if  iodine  isinexeeis> 
It  is  converted  by  heat  into  an  orange-coloured  liquid,  which  yiokbi 
vapour  of  the  same  tint  on  increase  of  temperature.  It  deliqueseos  ia 
the  open  air,  and  dissolves  freely  in  water.  Its  solution  is  coIoarleMt 
is  very  sour  to  the  taste,  and  reddens  vegetable  blue  colouif ,  bvt  if* 
terwards  destroys  them.  From  its  acid  properties  Sir  H.  Davy  gtvo 
it  the  name  ot  cMoriodie  acid.  Gay-Lussac,  on  the  contrary,  c&lt 
ehioride  of  iodine^  concemnf^  l\i^\.  v\\q  ^cvdvl^  of  its  solution  arisef 
from  the  presence  of  muriaUc  and  \od\e  a^cida,  'vi\^M3Ek\A  iw^fMsia  H 
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Milted  by  the  decomposition  of  water.  The  opinion  of  Sir  H. 
•ppeari  te  me  more  prol>able ;  for  we  know  that  free  muriatic 
lUe  acida  mutually  decompose  each  other,  and  therefore  could 
be  generated  by  the  action  of  water  on  the  compound  of  iodine 
loriBe.  Chloriodic  acid,  however,  does  not  unite  with  alkaline 
icea.  On  niziDg  it,  for  example,  with  baiyta,  the  muriate  and 
of  baryta  are  obtained.  From  this  it  may  be  inferred,  that 
ind  chloriodic  acid  react  on  each  other  when  an  alkali  is  present. 
oomMiJtion  of  chloriodic  acid  is  not  known  with  precision. 
de  ^ ^iUrogen. — ^From  the  weak  affinity  that  ezista  between 
«ad  nitrogen,  these  substances  cannot  be  made  to  unite  di- 
Bot  when  iodine  is  put  into  a  solution  of  ammonb,  the  alkidi 
imposed ;  its  elements  unite  with  different  portions  of  Iodine, 
If  cause  the  formation  of  hydriodie  acid  and  iodide  of  nitrogen, 
tter  eulMides  in  the  form  of  a  daric  powder,  which  is  charaeter- 
ke  chloride  of  nitrogen,  by  its  explosive  property.  It  deto- 
rioleotly  as  soon  as  it  is  dried,  and  slight  pressure,  while  motet, 
ie»  a  dmilar  effect.  Heat  and  light  are  emitted  during  the  ex- 
I,  and  iodine  and  nitrogen  are  set  free.  According  to  the  ex-  * 
ots  of  M.  Colin,  iodide  of  nitrogen  consists  of  onis  proportional 

ri  to  three  of  iodine. 
of  Pho»p?Mru8,-^Iodine  and  phosphorus  combine  readiW 
cold 9  evolving  so  much  caloric  as  to  kindle  the  phosphorus,  if 
letiment  is  made  in  the  open  air ;  but  in  close  vessels  no  light 
I.  The  combination  takes  place  in  seveml  proportions,  which 
ot  been  determined.  Its  most  interesting  property  is  that  of 
poakng  water,  with  formation  of  hydriodie  and  phosphoric  acids. 
le  o/^Sulphur,'^Th\B  compound  is  formed  by  heating  gently 
ire  of  iodine  and  sulphur.  The  product  baa  a  dark  colour  and 
d  appearance,  like  antimony.  Its  elements  are  easily  disunited 
U 


SECTION  Xllt. 

I  pecniiarly  interesting  substance  was  discovered  about  two 
igo  by  M.  Balard  of  Montpelller,  and  the  first  description  of  its 
Sea  appeai^ed  in  the  Jinndles  de  Chimie  et  de  Physique  for 
1 1826.  The  name  originally  applied  to  it  was  muride  ;  but  it 
en  since  chanjged  to  bromine-y  a  word  derived  from  the  Greek 
c,  graveolentta,  signifying  ft  strong  or  rank  odour.  This  appel- 
may  be  conveniently  changed  in  English  into  that  of  bromine. 
Dine  in  its  chemical  relations  bears  a  close  analogy  to  chlorine 
dinOf  and  has  hitherto  been  always  found  in  nature  associated 
be  former,  and  sometimes  also  with  the  latter.  It  exists  in  sea 
In  the  form  of  hydrobromic  acid,  combined,  in  the  opinion  of  M. 
ly  with  magnesia.  Its  relative  quantity,  however,  is  very  mi- 
•nd  even  the  uncrystallizable  residue  called  bittern,  left  after 
uiiate  of  soda  has  been  separated  from  sea  water  by  crystalQzak- 
eontaina  it  in  small  proportion.  It  may  appaTenl\^  be  \%|;u^%^ 
mgential  iagrodieot  of  the  salioe  matter  of  the  oceiAV  i^i  ViYaa 
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been  delected  in  the  wtten  of  the  Meditemaeao,  Btltic,  Mvrth  Sei, 
Bod  Frith  of  Forth.  It  hat  also  beoD  found  in  the  waters  of  tbo  Dnd 
Sea,  and  in  a  Tariety  of  nit  tprings  in  Germany*.  M.  Balaid  feuid 
that  it  esistf  in  marine  plants  growing  on  the  sboret  of  the  Mcditei- 
ranean,  and  he  has  procured  it  in  appreciable  quantity  from  the  iAef 
of  the  »ea-  weeds  that  furnish  iodine.  He  has  Ukewiee  detected  Iti 
presence  in  the  ashes  of  some  animals,  especially  in  thoM  of  tbeJbn* 
tkina  rwlaeeoy  one  of  the  testaceous  molluica. 

At  common  temperatures  bromine  is  a  liquid,  the  coloar  af  wliiek 
is  bUckisb-red  when  viewed  in  mass  and  by  reflected  light,  bet  ap- 
pears hyacinth-red  when  a  thin  stratum  is  interpoaed  between  the  Mat 
and  the  observer.  Its  odour,  which  somewhat  reaemblea  that  of  cUs- 
rine,  is  Tciy  disagreeable,  and  its  taste  powerful.  Its  specific  giantf 
is  about  3.  Its  Tolatility  is  considerable ;  for  at  common  tempentonf 
it  emits  red  coloured  vapours,  which  are  very  similar  in  appeaianrali 
those  of  citrous  acid ;  and  at  116.5=  F.  it  enters  into  ebullitfoo.  Br  I 
temperature  between  zero  and  — 1"  F.  it  is  congealed,  and  b  ikt 
state  is  brittle. 

Bromine  is  a  non-conductor  of  electricity,  and  undergoes  no  chs- 
mical  change  whatever  from  the  agency  of  the  imponderables.  It  wtj 
be  transmitted  through  a  red-hot  glass  tube,  and  be  exposed  to  nt 
agency  of  galvanism,  without  evincing  the  least  trace  of  decoBpo* 
sition.  Like  oxygen,  chlorine,  and  iodine,  it  is  a  negative  elsdiie. 
Bromine  is  soluble  in  water,  alcohol,  and  ether,  the  latter  being  Iht 
best  solvent.  It  does  not  redden  litmus  paper,  but  bleaches  it  ii^ildlf 
like  chlorine ;  and  it  likewise  discharges  the  blue  colour  from  a  solu- 
tion of  iodigo.  Its  vapour  extinguishes  a  lighted  taper;  bnthslMf 
going  out,  it  bums  for  a  few  seconds  with  a  name  which  is  green  it 
its  base  and  red  at  its  upper  part.  Some  inflammable  substances  take 
fire  by  contact  with  bromine  in  the  same  manner  as  when  tntrodseed 
into  an  atmosphere  of  chlorine.  It  acts  with  energy  on  organle  nat- 
ters, such  as  wood  or  cork,  and  corrodes  the  animal  texture ;  but  if 
applied  to  the  skin  for  a  short  time  only,  it  communicates  a  yellov 
stain,  which  is  less  intense  than  that  produced  by  iodine,  and  soos 
disappears.  To  animal  life  it  is  highly  destructive,  one  drop  of  it  placed 
on  the  beak  of  a  bird  having  proved  fatal. 

From  the  close  resemblance  observable  between  chlorine  and  bro- 
mine, M.  Balard  was  of  course  led  to  examine  its  relation  with  hydro- 
gen, and  found  that  these  substances  may  readily  be  made  to  unite; 
the  product  of  the  combination  beine  a  gas  very  similar  to  mortatie 
and  hydriodic  acid  gases,  and  which  has  hence  received  the  name  of 
hydrobromie  acid  gas.  In  its  action  on  metals,  also,  bromine  presents 
the  closest  similarity  to  that  which  chlorine  exerts  on  the  sane  sub- 
stances. Antimony  and  tin  take  fire  by  contact  with  bromine ;  and 
its  union  with  potassium  is  attended  with  such  intense  disengageaeat 
of  heat  as  to  cause  a  vivid  flash  of  light,  and  often  to  burst  me  vsassl 
in  which  the  experiment  is  performed.  Its  affinity  for  metallic  oxidci 
is  feeble,  but  it  has  a  strong  attraction  for  metals.  By  the  action  of 
alkalies  it  is  resolved  into  hydrobromie  and  bromic  acids,  suffering  the 
same  kind  of  change  as  chlorine  or  iodine  when  similarly  treated. 

*  Some  of  the  salt  springs  of  Germany  furnish  a  good  deal  of  bro- 
mine.   The  saline  at  Theodorshalle,  near  Kreuznach,  contains  a  ssf* 
Orient  quantity  to  make  its  extraction  profitable.    A  quintal  (100  lbs.) 
of  the  mother- waters  of  this  spnn^  y\e\^«  Vwo  ounces  and  one  draebni 
of  bromine. — ^^erjsetiuf »  TraiXi  de  CKiime,  \.  7»^«  ^ 
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BiomiDe  is  usually  extracted  from  bittern,  and  Its  mode  of  prepara- 
tion ia  ibuoded  on  the  property  which  chlorine  possesses  of  decom- 
posbigr  bydrobromic  acid,  uniting  with  its  hydrogen,  and  setting  bro- 
mine at  liberty.  Accordingly,  on  adding  chlorine  to  bittern,  the  free 
bromina  immediately  communicates  an  orange-yellow  tint  to  the  li- 
poid ;  and  on  heating  the  solution  to  the  boiling  point,  the  red  vapours 
)f  bromine  are  expelled,  and  may  be  condensed  by  being  conducted 
nto  a  tube  surrounded  with  ice.  It  was  this  change  of  colour  pro- 
hiced  by  chlorine  that  led  to  the  discovery  of  bromine.  The  method 
•ecommended  by  M.  Balard  for  procuring  this  substance,  as  well  as 
Tor  detecting  the  presence  of  bydrobromic  acid,  is  to  transmit  a  cur- 
lenC  of  chlorine  gas  through  bittern,  and  then  to  agitate  a  portion  of 
lulpburic  ether  with  the  liquid.  The  ether  dissolves  the  whole  of  the 
iMomine,  from  which  it  receives  a  beautiful  hyacinth -red  tint,  and  on 
Handing  rises  to  the  surfsce.  When  the  ethereal  solution  is  agitated 
with  caustic  potassa,  its  colour  entirely  disappears,  owing  to  the  for- 
mation of  hydiobromate  and  bromate  of  potassa,  and  the  mrmer  salt  is 
obtained  in  cubic  crystals  by  evaporation.  The  bromine  may  then  be 
set  free  l>y  means  of  chlorine,  and  separated  by  heat*.  M.  Balard  has 
subsequently  improved  the  mode  of  preparation  so  much,  that  he  now 
prepares  bromine  on  a  larger  scale,  and  sells  it  in  Paris  at  the  very 
moderate  rate  of  28  francs  an  ounce. 

According  to  all  the  experiments  hitherto  made,  bromine  appears  to 
be  an  element.  It  is  so  very  similar  in  most  respects  to  chlorine  and 
iodine,  and,  in  the  order  of  its  chemical  relations,  is  so  constantly  in- 
termediate between  them,  that  M.  Balard  at  first  suspected  it  to  be 
•ome  unknown  compound  of  these  substances,  and  M.  Dumas  was 
Mported  to  have  discovered  such  a  body  possessed  of  all  the  proper- 
tiefl  of  bromine.  There  seems,  however,  to  be  no  good  ground  for  this 
aasertion ;  hot,  on  the  contrary,  an  experiment  recently  performed  by 
M.  De  la  Rive  affords  a  very  strong  argument  against  this  supposition. 
He  finds  that  when  a  compound  of  bromine  and  iodine  is  mixed  with 
starch,  and  exposed  to  the  influence  of  galvanism,  bromine  appears  at 
the  positive  and  iodine  at  the  negative  wire,  where  the  starch  acquires 
a  blu«  liot.  Ou  milking  the  experiment  with  bromine  containing  a 
little  bromide  of  iodine,  the  same  appearance  ensues ;  but  if  iodme 
is  not  previously  added,  the  starch  does  not  receive  a  tint  of  blue. 

Bromine  is  in  most  cases  easily  detected  by  means  of  chlorine ;  for 
this  substance  displaces  bromine  from  its  combination  with  hydrogen. 


*  According  to  the  authorities  of  Berzelius  and  Thenard,  whose 
treatises  I  have  consulted,  the  mode  of  treating  the  cubic  crystals, 
(which  consist  of  bromide  of  potassium,  and  not  hydrobromate  of  po- 
tassa, as  stated  by  Dr  Turner)  in  order  to  extract  the  bromine,  is  to  mix 
tliem  in  a  small  retort,  with  the  peroxide  of  manganese  in  powder,  and 
act  on  the  mixture  with  sulphuric  acid,  diluted  with  half  its  weight  of 
water,  with  the  assistance  of  heat.  The  beak  of  the  retort  must 
plunge  under  cold  water.  As  the  distillation  proceeds,  the  bromine 
passes  over  in  red  vapours,  and  condenses  under  the  water  in  the  form 
of  brown  and  heavy  drops.— Se«  Berzelius^  Traite  de  Chim.  i.  293. 

It  is  certainly  true,  that  chlorine  will  disengage  bromine  from  the 
bromide  of  potassium,  as  mentioned  by  Dr  Turner ;  and  it  is  possible 
that  M.  Balard  may  have  recently  modified  his  process  in  this  particu- 
lar. But  supposing  this. to  be  the  case,  it  is  remarkable,  that  neither 
Beizelius  nor  Henry,  in  their  treatises,  both  published  in  \^^,  i^\Q>^^ 
have  alluded  io  the  circumsiaDce,    B. 
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metals,  and  most  other  bodiea.    The  appearance  of  its  Tipoor,  or  Aa 
colour  of  its  solution  in  ether,  will  then  render  its  presence  obvleus. 

The  combiniDK  proportion  of  bromine  has  not  yet  been  preein^ 
determined,  but  judging  from  M.  Balard'a  analysis  of  (he  bromldtSM 
potassium  and  silver,  75  may  be  assumed  as  an  approximation. 

Hydrobramic  Acid  Gets. 

No  chemical  action  takes  place  between  the  Tapour  of  biomiDoaiii 
hydrogen  gas  at  common  temperatures,  not  even  by  the  agency  of 
the  direct  soler  rays ;  but  on  introducing  a  lighted  candle,  or  a  plsee 
of  red-hot  iron,  into  the  mixture,  combination  ensues  in  the  vlciiilly 
of  the  heated  body,  though  without  extending  to  the  whole  mixtuie, 
and  without  eiplosion.  The  combination  is  readily  eflbcted  by  the 
action  of  bromine  on  some  of  the  gaseous  compounds  of  hydrogan. 
Thus  on  mixing  the  vapour  of  bromine  wkh  kydriodie  acid,  sulpbo- 
retted  hydroeeo,  or  phosphuretted  hydrogen  gas,  decompositioB  ea- 
sues,  and  hydrobromic  acid  gas  is  generated.  It  may  be  conveoisBllj 
made  for  expeiimental  purposes  by  a  process  similar  to  that  for  fem* 
ing  hydriodic  acid»  A  mixture  of  bromine  and  phospboras,  s&^tly 
moistened-,  yields,  by  the  aid  of  a  gentle  heat,  a  large  quantity  otprne 
hydrobromic  acid  gas,  which  should  be  collected  either  in  dry  giw 
bottles,  or  over  mercury. 

Hydrobromic  acid  gas  is  colourless,  has  an  acid  taste,  and-piiBgeiil 
odour.  It  irritates  the  glottis  powerfully,  so  as  to  excKe  coughrSBd 
when  mixed  with  moist  air,  yields  white  vapours,  whicii  are  denser 
than  those  occasioned  under  the  same  circumstances  by  muriatic  acid 
gas.  It  undergoes  no  decomposition  when  transmitted  throueh  a  red- 
hot  tube,  either  alone,  or  mixed  with  oxygen.  It  is  not  amcted  by 
iodine  ;  but  chlorine  decomposes  it  instantly,  with  production  of  mih 
riatic  acid  gas,  and  deposition  of  bromine.  It  may  be  preserved 
without  change  over  mercury ;  but  potassium  and  tin  decompose  it 
with  facility,  the  first  at  common  temperatures,  and  the  last  by  the 
aid  of  heat. 

Hydrobromic  acid  gas  is  very  soluble  in  water.  The  aqtMons  seh^ 
tion  may  be  made  by  treating  bromine  with  sulphuretted  hvdiOMB 
dissolved  ib  water,  or  still  better,  by  transmitting  a  current  of  hydro- 
bromic acid  gas  through  pure  water.  The  liquid  becomes  hot  during 
the  condensation,  acquires  great  density,  increases  in  volume,  and 
emits  white  fumes  when  exposed  to  the  air.  '  This  acid  solution  is 
colourless  when  pure,  but  possesses  the  property  of  dissolving  a  hurgf 
quantity  of  bromine,  and  then  receives  the  tint  of  that  substance. 
.  Chlorine  decomposes  the  solution  of  hydrobromic  acid  in  an  instant 
Nitric  acid  likewise  acta  upon  it,  though  less  suddenly,  oeeaaionfaig 
the  disengagement  of  bromine,  and  probably  the  formation  of  water 
and  nitrous  acid.  The  nitro-bydrobromic  acid  is  analogous  to  eflM 
refta,  and  possesses  the  property  of  dissolving  gold. 

The  elements  of  sulphuric  and  hydrobromic  acids  react  on  each 
other  in  a  slight  degree ;  and  hence  on  decomposing  hydrobrooMte  of 
potassa  by  sulphuric  acid,  the  hydrobromic  is  generally  mixed  with  a 
little  sulphurous  acid  gas. 

Metallic  oxides,  as  might  be  expected,  do.not  act  in  a  nnifefm  man- 
ner on  hydrobromic  acid.  The  alkalies,  earths,  oxides  of  iron,  and 
peroxides  of  copper  and  mercury,  form  compounds  which  may  be  re- 
garded as  hydrobromates ;  whereas  the  oxide  of  silver,  and  protoxide 
of  lead,  give  rise  to  doub\e  decompoftvUoa,  in  consequence  of  wliich 
WMter  tod  a  metallic  brooude  leauVl. 
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The  eempMidon  of  hydrobromic  acid  gai  it  eml^  inferrei  from  the 
two  foJIoiriiig  facte.  1.  Od  decomposiDg  hydrobromic  acid  gas  by 
potasaium,  a  quantity  of  hydrogen  remains  precisely  equal  to  half  the 
rolurae  of  the  gas  employed;  and  2.  when  hydriodic  acid  gas  is  de* 
composed  by  bromine,  the  resulting  hydrobromic  acid  occupies  the 
very  same  space  as  the  gas  which  is  decomposed.  It  is  hence  appa- 
rent that  hvdrobromic  is  analogous  to  hydriodic  and  muriatic  acid 
gases ;  or,  in  other  words,  that  100  measures  of  hydrobromic  acid 
gas  coDtain  60  measures  of  the  vapour  of  bromine,  and  50  of  hydrogen. 
By  weight  it  may  be  regarded  as  a  compound  of  one  proportional  of 
each  element 

Since  bromine  decomposes  hydriodic,  and  chlorine  hydrobromic  acid, 
it  is  obyious  that  bromine,  in  relation  to  hydrogen,  is  mtermediate  be- 
tween chlorine  and  iodine ;  for  it  has  a  stronger  affinity  for  hydrogen 
than  iodine*  and  a  weaker  than  chlorine.  The  affinity  of  bromine  and 
oxygen  for  hydrogen  appears  nearly  similar ;  for  while  oxygen  cannot 
detach  hydrogen  from  bromine,  bromine  does  not  decompose  watery 
vapour. 

The  salts  of  hydrobromic  acid  are  termed  hydrobromaieg.  Like 
the  free  acid,  they  are  decomposed,  and  the  presence  of  bromine  de- 
tected, by  means  of  chlorine.  On  mixing  a  soluble  hydrobromate  with 
the  nitrates  of  lead,  silver,  and  protoxide  of  mercury,  white  precipi- 
tates are  obtained,  which  are  very  similar  in  appearance  to  the  chio* 
rides  of  those  metals,  but  which  are  metallic  bromides.  On  the  ad- 
dition of  chlorine,  the  vapour  of  bromine  is  evolved. 

Bromic  Acid. 

The  only  compound  yet  known  of  bromine  and  oxygen  is  that  form- 
ed by  the  aetion  of  pure  potassa  on  bromine,  when,  by  decomposi- 
tion of  water,  and  the  union  of  its  elements  with  separate  portions  of 
bromine, bromic  and  hydrobromic  acids  are  generated.  Of  the  bromate 
and  hydrobromate  of  potassa  thus  produced,  the  former  is  much  less  sol- 
uble in  water  than  the  latter,  and  by  means  of  this  difference  in  solu- 
bility the  two  salts  are  easily  separated.  The  bromate  of  the  other 
alkalies  and  alkaline  earths  may  be  prepared  in  a  similar  manner. 

The  bromates  are  analogous  to  the  chlorates  and  iodates.  Thus 
bromate  of  potassa  is  converted  by  heat  into  bromide  of  potassium, 
with  disengagement  of  pure  oxygen  gas,  deflagrates  like  nitre  when 
thrown  on  burning  charcoal,  and  forms  with  sulphur  a  mixture  which 
detonates  by  percussion,  llie  acid  of  the  bromates  is  decomposed  by 
deoiidixing  agents,  such  as  sulphurous  acid  and  sulphuretted  hydro- 
ten,  in  the  same  manner  as  the  acid  of  the  iodates.  The  bromates 
likewise  suffer  decomposition  from  the  action  of  hydrobromic  and  mu- 
riade  acids. 

Bromate  of  potasM  is  said  not  to  precipitate  the  salts  of  lead,  but  to 
ofcasion  a  white  precipitate  with  nitrate  of  silver,  and  a  yellowish- 
white  with  proto-nitrate  of  mercury ;  characters  which,  if  correctly  ob- 
•erved,  distinguish  the  bromate  from  the  iodate  and  chlorate  of  potas- 
sa in  a  very  satisfactory  manner. 

Bromie  acid  may  be  procured  in  a  separate  state  by  decomposing  a 
dilute  solution  of  bromate  of  baryta  with  sulphuric  acid,  so  as  to 
precipitate  the  whole  of  the  baryta.  The  resulting  solution  of  bromie 
aeid  may  be  concentrated  by  slow  evaporation  until  it  acquires  the 
coDsietence  of  syrup ;  but  on  raising  the  temperature,  in  order  to  ex- 
pel all  the  water,  one  part  of  the  acid  Is  volaUlized,  and  i\\e  o^«i  i^ 
solved  Into  oMfgeo  and  bromine.    A  similar  resuli  took  t\at«  v\x«tk 
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the  evaporation  waa  conducted  into  vacao  with  solphnrie  add ;  tad 
accordingly  all  attempts  to  procure  anhydrous  bromic  acid  have  hillh 
erto  failed. 

Bromic  acid  hat  scarcely  any  odour,  but  its  taste  is  very  aeid,  thoq|h 
not  at  all  corrosive.  It  reddens  litmus  paper  powerfully  at  first,  and 
soon  after  destroys  its  colour.  It  is  not  aiOfected  by  nitric  or  sulphi 
ric  acid,  except  when  the  latter  is  highly  concentrate  in  which  CMI 
bromine  is  set  free,  and  eflTervescence,  probably  owing  to  the  esopt 
of  oxygen  gas  ensues.  From  the  analysis  of  bromate  of  potassa,  hn-^ 
mic  acid  is  obviously  similar  in  constitution  to  iodic,  cMorIc,  and  nifait 
acids ;  that  is,  consists  of  one  proportion  of  bromine  united  with  fife  ol 
oiygen. 

Chloride  cf  Bromine. — This  compound  may  be  formed  at  eomim 
temperatures  by  transmitting  a  current  of  chlorine  through  hnMBtna^ 
and  condensing  the  diseni^ged  vapours  by  means  of  a  freeiing  mh^ 
ture.  The  resulting  chloride  is  a  volatile  fluid  of  a  reddish-yellow  co- 
lour, much  less  Intense  than  that  of  bromine.  Its  odour  is  penetnl* 
ing  and  causes  a  discharge  of  tears  from  the  eyes ;  and  its  taste  veiy 
disagreeable.  Its  vapour  is  a  deep  yellow,  Hke  the  oxides  of  dih^ 
line,  and  enables  metals  to  bum  as  in  an  atmosphere  of  chlorine,  doubt- 
less giving  rise  to  the  formation  of  metallic  chlorides  and  bromides. 

The  chloride  of  bromine  is  soluble  in  water  without  decompositiaa ; 
for  the  solution  possesses  the  colour,  odour,  and  bleaching  piopeitlef 
of  the  compound,  and  discharges  Uie  colour  of  litmus  paper  with- 
out previously  reddening  it.  By  the  action  of  the  alkalies  it  is  decom- 
posed, and  is  converted,  by  meaos  of  the  elements  of  water,  into  marir 
atic  and  bromic  acids. 

Bromide  of  Iodine. — These  substances  act  readily  on  each  other, 
and  appear  capable  of  uniting  in  two  proportions.  The  proto-bro- 
mide  is  a  solid,  convertible  by  heat  into  a  reddish-brown  vapour, 
which  in  cooling,  condenses  into  crystals  of  the  same  colour,  and  of  a 
form  resembling  that  of  fern  leaves.  An  additional  quantity  of  bromine 
converts  these  crystals  into  a  fluid,  which  in  appearance  is  Kko  a 
strong  solution  of  iodine  in  hydriodic  acid.  This  compound  dissolves 
without  decomposition  in  water,  but  with  the  alkalies  yields  hydrs- 
bromic  and  iodic  acids. — The  existence  of  two  bromides  of  iodine  can 
scarcely  be  regarded  as  satisfactorily  established. 

Bromide  of  Suiphur.— On  pouring  bromine  on  sublimed  sulphur, 
combination  ensues,  and  a  fluid  of  an  oily  appearance  and  reddish  tint 
is  generated.  In  odour  it  somewhat  resembles  chloride  of  flulphiir, 
and  like  that  compound  emits  white  vapours  when  exposed  to  the 
air,  but  its  colour  is  deeper.  It  reddens  litmus  paper  faindy  when 
dry,  but  strongly  if  water  is  added.  Cold  water  acts  sh>wly  upon  ths 
bromide  of  sulphur ;  but  at  a  boiling  temperature,  the  action  is  so  vio- 
lent that  a  slight  detonation  occurs,  and  three  compounds,  hydiobie- 
mic  and  sulphuric  acids,  and  sulphuretted  hydrogen  are  formed.  Hw 
formation  of  these  substances  is  of  course  attributable  to  deeompoA* 
tion  of  water,  and  the  union  of  its  elements  with  bromine  and  solpbnr. 
Bromide  of  sulphur  is  likewise  decomposed  by  chlorine,  which  tuitas 
with  sulphur,  and  displaces  bromine. 

Bromide  of  Phosphorus, — When  bromine  and  pbosphonii  aie 
brought  into  contact  in  a  flask  filled  with  carbonic  acid  eas,  they  act 
suddenly  on  each  other  with  evolution  of  heat  and  linitk  sad  two 
compounds  are  generated ;  one  a  crystalline  solid  whic£  is  sabKowd 
and  collects  in  the  upper  part  ot  the  flask,  and  the  other  a  fluid,  which 
/emsfns  at  the  bottom.  The  VaUet  \a  t«uud«d  by  M.  Balard  as  a  pro* 
^Aromide,  and  Uie  fonnei  as  a  de>iV,o-\»iQisSkAA  ^\^^^mK\^Mfle«a« 
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Tlie  proto-bromlde  rettini  iti  liquid  form  even  at  62"*  F.  It  is  read- 
Uy  eiwvtrted  into  vapour  by  lieat,  and  on  eipoaure  to  the  air  emits 
penetrating  fumea.  It  reddens  litmus  paper  iaintly,  an  effect  which 
H  probably  owing  to  the  presence  of  moisture.  With  water  it  acts 
eneigotiefdly  and  with  free  disengagement  of  caloric,  hydrobromie 
acid  gas  being  evolved  when  only  a  few  drops  of  water  are  employed  ; 
bat  if  a  large  quantity  is  used,  the  gas  is  dissolved,  and  the  acid  solu- 
tion leaves  by  evaporation  a  residuum,  which  burns  slightly  when 
dried,-  and  is  converted  into  phosphoric  acid. 

The  deuto«brofflide  is  yeUow  hi  its  solid  state ;  but  with  gentle 
beat  twcomes  a  red-coloured  liquid,  which  by  increase  of  tempera- 
ture is  converted  into  vapour  of  the  same  tint.  On  cooling  after  fusion 
ityieJds  rboBtbie  ciystais;  but  when  its  vapour  is  condensed,  the 
ciyatals  are  aeicular.  It  is  decomposed  by  metals,  probably  with  the 
formation  of  metallic  bromides  and  phosphurets.  It  emits  dense 
penetrating  fumes  on  exposure  to  the  airland  with  water  gives  rise  to 
the  production  of  hydrobromie  and  phosphoric  acids. 

Cnlorine  has  a  greater  affioity  for  phosphorus  than  bromine,  and 
decomposes  both  the  bromides  with  evolution  of  the  vapour  of  bro- 
mine. These  compounds  are  not  decomposed  by  iodine ;  but  on  the 
contrary  bromine  decomposes  iodide  of  phosphorus. 


SECTION  XIV. 

FLUORU^E. 

The  substance  tn  which  thb  name  is  applied  has  not-hitherto  been 
obtained  in  an  insulated  form,  and  therefore  the  properties  which  are 
peculiar  to  it  in  that  state,  are  entirely  unknown.  From  the  nature 
of  its  compounds  it  appears  to  belong  to  the  class  of  negative  elec- 
trics, and  lil[e  oxygen  and  chlorine,  to  have  a  powerful  affinity  for  hy- 
drogen and  metalTie  substances.  With  hydrogen  it  constitutes  a  pe- 
culiar and  very  powerful  acid,  the  hydrofluoriCf  the  history  of  which 
will  occupy  the  greater  part  of  this  section. 

Hydrofluoric  Acid. 

This  add  was  first  procured  in  its  pure  state  in  the  year  1810  by 
MM.  Oay-Lussac  and  Thenard,  and  described  in  the  second  volume 
of  their  Reefierekes  PhyncO'Chimiques,  It  is  prepared  by  acting 
on  Ae  mineral  called  fluor  9par,  carefuHy  separated  from  siliceous 
earth  and  reduced  to  fine  powder,  with  twice  its  weight  of  concentrat- 
ed sulphuric  acid.  The  mixture  is  made  in  a  leaden  retort ;  and  on 
applying  heat,  an  acid  and  highly  corrosive  vapour  distils  over,  which 
must  lie  collected  in  a  receiver  of  the  same  metal  surrounded  with 
ice.  As  the  materials  sweli  up  considerably  during  the  process,  ow- 
ing to  a  quantity  of  vapour  forcing  its  way  through  a  viscid  mass,  the 
retort  should-  be  capacious.  At  the  close  of  the  operation  pure  hydro- 
fluoric add-  is  found  in  the  receiver,  and  the  retort  contains  dry  sul- 
phate of  lime.  The  chemical  changes  are  similar  to  those  which  oc- 
cur in  the  decomposition  of  chloride  of  sodium  by  sulphuric  acid,  aa 
explained  at  pace  198,  Floor  spar  consists  of  fiuoilne  and  c^\c\\nn« 
and  wJmo  aeiMiaa  by  oil  of  vMol,  the  water  of  that  IlcV^  \&  iaioV^^^ 
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into  iti  elements ;  the  hydrogen  uniting  with  fluorine  cenentM  hy- 
drofluoric acid,  and  the  lime,  formed  by  the  union  of  the  oxygen  of 
water  and  calcium,  combines  with  sulphuric  add.  If  the  oil  otVilriel 
is  of  sufficient  strength,  all  its  water  is  decomposed,  and  the  lemltiiig 
hydrofluoric  acid  is  anhydrous. 

Hydrofluoric  acid,  at  the  temperature  of  82*"  F.  is  «  colouriesi  fluid, 
and  remains  in  that  state  at  59""  if  preserved  in  well  stopped  bottles; 
but  when  exposed  to  the  air,  it  flies  00*10  dense  white  fumes,  which 
consist  of  the  acid  vapour  combined  with  the  moisture  of  the  alflMS- 
phere.  Its  specific  gravity  is  1 .0609 ;  but  its  density  may  be  ineraaied 
to  1.25  by  gradual  additions  of  water.  Its  affinity  for  this  liquid  &r 
exceeds  that  of  the  strongest  sulphuric  acid,  and  the  comblBalioB  li 
accompanied  with  a  hissing  noise,  as  when  red-hot  iron  is  queoebed 
by  immersion  in  water. 

The  vapour  of  hydrofluoric  acid  is  much  more  pungent  than  cfals* 
rine  or  any  of  the  irritating  gases.  Of  all  known  substances,  it  is  te 
most  destructive  to  animal  matter.  When  ■  drop  of  the  eoneentittad 
acid  of  the  size  of  a  pin's  head  comes  in  contact  with  the  skin,  li- 
stantaneous  disorganization  ensues,  and  deep  ulceration  of  ■  naUgMtt 
character  is  produced.  On  this  account  the  greatest  care  is  leqiilalle 
in  the  preparation  of  pure  hydrofluoric  acid. 

This  acid  when  concentrated  acts  energetically  on  glass.  The 
transparency  of  the  glass  is  instantly  destroyed,  caloric  is  evolved,  and 
the  acid  boils,  and  in  a  short  time  entirely  disappears.  A  coloariaa 
gas,  commonly  known  by  the  name  offltMsilicie  acid  ga§,  is  the  sols 
product.  This  compound  is  always  formed  when  hydrofluoric  acid 
comes  in  contact  with  siliceous  substances.  For  this  reason  it  can- 
not be  preserved  in  glass ;  but  must  be  prepared  and  kept  in  melalfie 
vessels.  Those  of  lead,  from  their  cheapness,  are  often  used ;  bat 
.vessels  of  silver  or  platinum  are  preferable.  In  consequence  of  iti 
powerful  affinity  for  siliceous  matter,  hydrofluoric  acid  may  be  em- 
ployed for  etching  on  glassy  and  when  used  with  this  intentkia,  it 
should  be  diluted  with  three  or  four  times  its  weight  of  water. 

Hydrofluoric  acid  has  all  the  usual  characters  of  a  powerful  add. 
It  has  a  strong  sour  taste,  reddens  litmus  paper,  and  m&  alkatina  sob- 
stances  forms  salts,  which  are  termed  hydrofluatei.  All  thfMO  sain 
are  decomposed  by  strong  sulphuric  acid  with  the  aid  of  heat,  and  At 
hydrofluoric  acid  while  escaping  may  be  detected  by  its  action  M 
glass. 

Hydrofluoric  acid  acts  violently  on  some  of  the  metals,  especially 
on  the  bases  of  the  alkalies.  Thus  when  potassium  is  brought  in  con- 
tact with  the  concentrated  acid,  an  explosion  attended  with  heat  aad 
light  ensues ;  hydrogen  gas  is  disengaged,  and  a  white  compound,  ths 
fluoride  of  potassium,  is  generated.  It  is  a  solvent  for  some  eienieft- 
tary  principles  which  resist  the  action  even  of  nitro-muriatic  acid. 
Thus  it  dissolves  silicium,  zirconium,  and  columbium,  with  evolutioa 
of  hydrogen  gas ;  and  when  mixed  with  nitric  acid,  it  proves  a  aolvMit 
ibr  silicium  which  has  been  condensed  by  heat,  and  for  titu^oa* 
The  nitro-hydrofluoric  acid,  however,  is  incapable  of  dissolving  gold 
and  platinum.  Several  oxidized  bodies,  which  are  not  attacked  by 
sulphuric,  nitric,  or  muriatic  acid,  are  readily  dissolved  by  hydio- 
fluoric  acid.  As  examples  of  this  fact,  several  of  the  weaker  addii 
such  as  silica  or  silicic  acid,  titanic,  columbic,  molybdic  and  tuDgrtte 
acids  may  be  enumerated.    (Berzelius.) 

Chemists  are  not  agreed  as  to  the  precise  combining  proportion  of 
nuorlae.  According  to  the  expeHments  of  Dr  Thomson,  18  b  the  tnio 
atomic  freight  of  thb  substance  \  W\.  ai1S^tix^\ia>3Aa  Sm/oma  viMti- 
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riedea  of  the  compounds  of  fluorine  than  other  ehecnifts,  his 
protebly  nearer  the  truth.  He  found  that  100  parta  of  pure 
nf  calcium  prepared  with  the  greatest  care,  yielded  with  sui- 
:id  176  parU  of  sulphate  of  lime.  According  to  these  num- 
9ride  of  calcium  consists  of  20  parts  or  one  proportion  of 
and  18.86  parts  or  one  proportion  of  fluorine,  givins  88.86 
[uivmlent  of  the  compound ;  and  as  the  constitution  ofhydro- 
>  analogous  to  that  of  muriatic  and  hvdriodic  acids,  it  is  com- 
r  18.86  parts  of  fluorine  and  1  part  of  hydrogen, 
irent  view  of  the  compounds  of  fluorine  was  originally  taken 
•Loaeac  and  Thenard,  and  is  still  held  by  some  chemists, 
opted  the  opinion  that  hydrofluoric  acid  is  a  compound  of  a 
nflammable  principle  and  oxygen,  and  applied  to  it  the  name 
e  ocicl,  previously  introduced  by  Scheele.  Fluor  spar  on  thia 
I  fluate  of  lime,  and  when  this  salt  is  decomposed  by  oil  of 
16  fluoric  is  merely  displaced  by  the  sulphuric  acid,  and  the  for- 
MM  off  combined  with  the  water  of  the  latter.  What  I  have 
d  as  anhydrous  hydrofluoric  acid  is,  according  to  this  hypo- 
fdrated  fluoric  acid  ;  and  when  acted  on  by  potassium,  this 
oxidised  at  the  expense  of  the  water,  and  potsuMa  thus  gener- 
es  with  fluoric  acid,  forming,  not  fluoride  of  potassium,  but 
potassa.  The  combining  proportion  of  fluoric  acid,  as  infer- 
I  the  analysis  of  Berzelius^  is  lO.SB:;  for  38.86  parts  or  one 
at  of  fluor  spar  is  supposed  to  contain  28  parts  of  lime,  (20. 
and  8  oxygen,)  thus  leaving  10.86  as  the  equivalent  of  tho 

leory ,  according  to  which  fluor  spar  is  a  compound  of  fluorine 
ium,  originated  as  a  suggestion  with  M.  Ampere  of  Paris,  and 
rwards  supported  experimentally  by  Sir  H.  Davy.  It  was  found 
s  hydrofluoric  acid  evinces  no  sign  of  containing  either  oxy- 
rater.  Charcoal  may  be  intensely  heated  in  the  vapour  of  the 
bout  the  production  of  carbonic  acid.  When  hydrofluoric  acid 
itralteed  wiUi  dry  ammonlacal  gas,  a  white  salt  resulted,  from 
lo  water  could  be  separated ;  and  on  treating  this  salt  with 
D.  no  evidence  could  be  obtsJned  of  the  presence  of  oxygen. 
Ming  the  acid  to  the  agency  of  galvanism,  there  was  a  disen- 
it  at  the  negative  pole  of  a  small  quantity  of  gas,  which  was 
From  Its  combustibility  to  be  hydrogen ;  while  the  platinum  wiro 
pposite  side  of  the  battery  was  rapidly  corroded,  and  became 

with  a  chocolate-coloured  powder.  Sir  H.  Davy  explains 
lenomena  by  supposing  hydrofluoric  acid  to  have  been  resolv- 
ta  elements,  and  that  fluorine,  at  the  moment  of  arriving  at 
ive  side  of  the  battery,  entered  into  combination  with  the  plati- 
a  which  was  employed  as  a  conductor.  Unfortunately,  how- 
r  did  not  succeed  in  obtaining  fluorine  in  an  insulated  state. 
from  the  noxious  vapours  that  arose  during  the  experiment) 
apossible  to  watch  its  progress,  and  examine  the  difierent  pro- 
ItQ  Uiat  precision,  which  is  essential  to  the  success  of  minuto. 
I  inquiries,  and  which  Sir  H.  Davy  has  so  frequently  display^ 
her  occasions. 

i;h  these  researches  led  to  no  conclusive  result,  they  afforded 
g  a  presumption  in  favour  of  the  opinion  of  Ampere  and  Davy» 
ras  adopted  by  several  other  chemists.    This  view  has  very 

received  strong  additional  support  from  the  experiments  of 
ilroan.  (Quarterly  Journal  of  Science  for  July  1827,  p.  205.) 
[bund  by  this  chemist  that  fluor  spar  is  Dol  iaVhe  flA\^Vu\^^* 
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gree  decompoted  by  the  action  of  anhydroat  tolpliarle  ftdd,  uMbli 
at  common  temperatares  or  at  a  red  heat.  The  experiment  wu  Midi 
both  by  transmitting  the  vapour  of  anhydrooi  ealphurie  acid  OTet  Am 
ppar  heated  to  redness  in  a  tube  of  platinum,  and  by  potting  thi 
mineral  into  the  liquid  acid.  In  neither  case  did  decompoeltleB  m- 
■ue ;  but  when  the  former  experiment  was  repeated  wllh  the  diAp* 
ence  of  employing  concentrated  hydrous  instead  of  anhydreiis  sil- 
phuric  acid,  evolution  of  hydrofluoric  acid  was  produced.  IC.  Kdri- 
nan  also  transmitted  dry  muriatic  acid  gas  over  floor  epir  at  a  ni 
heat,  when  hydrofluoric  acid  was  disengaged,  withoot  any  evolfr 
tion  of  hydrogen,  and  chloride  of  calcium  remained.  I  am  awiss  flf 
no  satisfactory  explanation  of  these  facts,  except  by  rmiding  Am 
spar  as  a  compound  of  fluorine  and  calcium,  and  hydrofluoric  icU  ii 
a  compound  of  fluorine  and  hydrogen.  I  shall  accordingly  adopt  lUi 
view  in  the  subsequent  pages,  and  never  employ  the  term  flooric  iddf 
except  when  explaining  phenomena  according  to  the  theory  of  Gq^ 
Lussac. 

Fluoboric  ^cid  Gas. 

The  cliief  difficulty  in  determining  the  nature  of  hydrofloorie  mU, 
arises  from  the  water  of  the  sulphuric  acid  which  Is  employed  la  Hi- 
preparation.  To  avoid  this  source  of  uncertainty,  Gay-LoHK  ni 
Thenard  made  a  mixture  of  vitrified  boracic  acid  and  mior  spar,  ud 
exposed  it  in  a  leaden  retort  to  heat,  under  the  expectation  that  as  no 
water  was  present,  anhydrous  fluoric  acid  would  be  obtained.  Is 
this,  however,  they  were  disappointed ;  but  a  new  gas  came  over,  to 
which  they  applied  the  term  o^ fluoboric  add  gas.  A  rimilar  train  of 
Feasoi>in^  led  Sir  H.  Davy  about  the  same  time  to  the  same  discovsiy ; 
though  the  French  chemists  had  the  advantage  in  priority  of  pubUei- 
tion.  Fluoboric  acid  gas  may  be  prepared  more  conveniently  br 
mixing  one  part  of  vitrified  boracic  acid,  and  two  of  fluor  spar,  win 
twelve  parts  of  strong  sulphuric  acid,  and  heating  the  mixture  gMtlf 
in  a  glass  retort.  (Dr  John  Davy,  Philos.  Trans,  for  1812.)  Wbea 
thus  prepared,  however,  it  contains  fluosilicic  acid,  according  to  Bot^  i 
zelius,  in  considerable  quantity ;  and  Dr  Thomson  detected  in  it  tncsf  i 
of  sulphuric  acid.  The  gas  may  lilce wise  be  formed  by  the  actioB  if  < 
hydrofluoric  acid  on  a  solution  of  boracic  acid. 

In  the  decomposition  of  fluor  spar  by  vitrified  boracic  add,  tbs 
former  and  part  of  the  latter  undergo  an  interchange  of  elenieoti* 
The  fluorine  uniting  with  boron  gives  rise  to  fluot>onc  acid  gas;  toA 
by  the  union  of  calcium  and  oxygen,  lime  is  generated,  which  eon- 
bines  with  boracic  acid,  and  is  left  in  the  retort  as  borate  of  line. 
The  fluoboric  acid  gas,  therefore,  is  composed  of  boron  and  flaoiini. 
Those  who  adopt  the  theory  of  Gay-Lussac  give  a  different  explm' 
tion,  and  regard  this  gas  as  a  compound  of  fluoric  and  boracic  adds. 
The  lime  of  fluor  spar  is  supposed  to  unite  wllh  one  portion  of  bonds 
add,  and  fluoric  acid  at  the  moment  of  separation  with  another^  yield- 
ing borate  of  lime  and  fluoboric  acid  gas. 

Fluoboric  acid  gas  is  colourless,  has  a  penetrating  pungent  odour, 
and  extinguishes  flame  on  the  instant.  Its  specific  gravity,  accord- 
ing to  Dr  Thomson,  is  2  S622.  It  reddens  litmus  paper  as  powerinlly 
as  sulphuric  acid,  and  forms  salts  with  alkalies  which  are  calledJE^ 
borates.  It  has  a  singularly  great  affinity  for  water.  When  it  ii 
mixed  with  air  or  any  gas  which  contains  watery  vapour,  a  denss 
white  cloud  appears,  which  \a  a  comblnaUon  of  water  and  fluoborie 
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2id  gu.  Fiom  thii  circumstance,  it  aflfords  an  exceedingly  delicate 
ist  of  the  praMBce  of  moisture  in  gases.  Fluoboric  acid  gas  is  ra- 
idly  aiMorbed  by  water.  According  to  Dr  Jolin  Davy,  water  absorbs 
90  Clme*  its  volume.  Caloric  is  evolved  during  the  absorption,  and 
lO  wator  ocquiree  an  increase  of  volume.  The  saturated  solution  is 
npidy  fumiDg,  and  very  caustic.  On  the  application  of  heat,  part  of 
le  gas  is  disengaged ;  but  afterwards  the  whole  solution  is  distilled. 
Gay-Lussae  and  Thenard,  and  Dr  Davy  were  of  opinion  that  flu- 
boric  acid  fns  is  dissolved  by  water  without  decomposition ;  but 
•eiaeliua  denies  the  accuracy  of  their  observation.  On  transmitting 
le  gas  iDto  water  until  the  liquid  acquires  a  sharply  sour  taste,  but  is 
ir  worn  being  saturated,  a  white  powder  begins  to  subside,  and  on 
DoliDS,  a  coiuiderable  quantity  of  boracic  acid  is  deposited  in  crys- 
ils.  It  appears  that  in  a  certain  state  of  dilution,  part  of  the  fluobo- 
le  acid  and  water  mutually  decompose  each  other  with  formation  of 
oracic  and  hydrofluoric  acids.  The  latter  unites,  according  to  Ber- 
ellus,  with  undecomposed  fluoboric  acid,  forming  what  he  has  called 
tie  boro-hydrofluorie  acid.  On  concentrating  the  liquid  by  evapora- 
ion,  the  boracic  and  hydrofluoric  acids  decompose  each  other,  and  the 
trUnnal  compound  is  reproduced. 

FluolMric  acid  gas  does  not  act  on  glass,  but  attacks  animal  and  ve- 
gatabie  matters  with  energy,  converting  them,  like  sulphuric  acid,  in* 
o  a  carbonaceous  substance.  This  action  is  most  probably  owing  to 
Is  affinity  for  water. 

When  potassium  is  heated  in  fluoboric  acid  gas,  the  metal  takes 
iiOa  and  a  chocolate-coloured  solid,  wholly  devoid  of  metallic  lustre,  is 
brmed.  This  substance  is  a  mixture  of  fluoride  of  potassium,  and  bo- 
on ;  and  by  the  action  of  water  the  former  is  dissolved,  and  the  boron 
eft  in  a  solid  state. 

The  composition  of  fluoboric  acid  gas  has  not  hitherto  been  deter- 
mined by  direct  experiment.  Dr  Davy  ascertained  that  it  unites  with 
in  equai  measure  of  ammoniacal  gas,  forming  a  solid  salt ;  and  also 
wmblnes  with  twice  and  .three  times  its  volume  of  ammonia, 
gelding  liquid  compounds.  In  the  first  salt  the  relative  weights  of 
the  constituent  cases  are  in  the  ratio  of  their  specific  gravities ;  and 
if  the  compound  consists  of  one  proportion  of  each,  it  will  be  thus 
constituted, 

Fluoboric  acid  gas  2.8622  68.04  one  proportional. 

Ammoniacal  gas  0.5902  17       one  proportional. 

and  llie  combining  proportion  of  the  acid  may  be  assumed  in  round 

numbers  to  be  68*.    Now  supposing  this  acid  to  be  formed  of  three 

proportionals  of  fluorine  and  one  of  boron,  its  equivalent  will  be  64.58, 


*  It  is  more  probable  that  the  first  salt  consists  of  two  proportionals 
of  the  acid  combined  with  one  of  ammonia.  It  is  a  well  known  fact, 
that  combining  weights,  or  equivalents  of  the  great  majority  of  the  gases, 
whether  simpM  or  compound,  occupy  the  same  space ;  while  the  com- 
bining weights  of  a  few,  such  as  ammonia,  muriatic  acid,  deutoxide  of 
nitrogen,  have  a  volume  double  the  usual  volume.  Now  it  is  most  pro- 
bable that  fluoboric  acid,  in  its  constitution,  conforms  to  the  general 
rule,  and  that,  therefore,  one  proportional  of  it  fills  but  half  the  space 
that  is  occupied  by  one  proportional  of  ammonia.  Admitting  this  view, 
a  combination  of  equal  volumes  of  these  gases  must  be  a  bifluoborate, 
and  the  equivalent  of  fluoboric  acid  wUl  be  only  half  as  great  as  that 
given  by  Dr  Turner,  or  34.02.    B. 
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a  number  whieh  approztmatef  to  die  precediaff.  But  tUi 
hypothetical.  Dr  Thomfon  eootidera  S4  at  the  equiYale 
iM  acid  gas,  and  believes  it  to  consist  of  one  pioportidD  o 
two  of  boron.  His  opinion,  however,  is  Teiy  Improbable 
mation  of  the  gas  from  a  mixture  of  boiacic  add  and  floor 
Ing  to  this  supposition,  appears  quite  Inexplicable.  T 
will  serve  to  show  that  the  data  ibr  fonnlng  an  opinion  o 
are  nncertain. 
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MV  THE  COMPOUNDS  OF  THE  SIMPLE  NON-BfETALLIC 
ACIDIFIABLE  COMBUSTIBLES  WITH  EACH  OTHER. 


SECTION  I. 

HYDROOEJV  jlM)  JrirROGEJV—AMMOJVMCJiL  GJiS. 

The  Bptrii  of  hartshorn  has  been  long  known  to  chemists;  but  the 
existence  of  ammonia  as  a  gas  was  first  noticed  by  Dr.  Priestley,  and 
mta  described  by  him  in  his  works  under  the  name  of  alkaline  air. 
It  is  sometimes  called  the  «o/a<t7e  alkali;  but  the  terms  ammonia 
knd  ammoniaetil  gas  are  now  more  commonly  employed. 

The  most  convenient  method  of  preparing  ammoniacal  gas  for  the 
purposes  of  experiment,  is  by  applying  a  gentle  heat  to  the  concen- 
trated solution  of  ammonia,  contained  in  a  glass  vessel.  It  soon  en- 
ters into  ebullition,  and  a  large  quantity  of  pure  ammonia  is  disen- 
Stged. 

Ammonia  is  a  colourless  gas,  which  has  a  strong  pungent  odour, 

and  acts  powerfully  on  the  eyes  and  nose.    It  is  quite  irrespirable  in 

its  pure  form,  but  when  diluted  with  air,  it  may  be  taken  into  the 

lungs  with  safety.    Burning  bodies  are  extinguished  by  it,  nor  is  the 

i;as  inflamed  by  their  approach.    Ammonia,  however,  is  inflammable 

in  a  low  degree.    For  when  a  lighted  candle  is  immersed  in  it,  the 

flame  is  somewhat  enlarged,  and  tinged  of  a  pale  yellow  colour  at  the 

moment  of  being  extinguished ;  and  a  small  jet  of  the  gas  will  burn 

in  an  atmosphere  of  oxygen.    A  mixture  of  ammoniacal  and  oxygen 

gases  detonates  by  the  electric  spark ;  water  is  formed,  and  nitrogen 

remains.    A  little  nitric  acid  is  generated  at  the  same  time,  except 

when  a  smaller  quantity  of  oxygen  is  employed  than  is  sufficient  for 

combining  with  all  the  hydrogen  of  the  ammonia.    (Dr.  Henry  in 

the  Philos.  Trans,  for  1809.) 

Ammoniacal  gas  at  the  temperature  of  50°  F.  and  under  a  pressure 
equal  to  6.5  atmospheres,  becomes  a  transparent  colourless  liquid. 
It  is  also  liquefied,  according  to  Guyton-Morveau,  under  the  com- 
non  pressure,  by  a  cold  of  70  degrees  below  zero  of  Fahrenheit ; 
but  there  is  no  doubt  that  the  liquid  which  he  obtained  was  a  solution 
of  ammonia  in  water. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very  marked  znan- 
ner.  Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  turmeric 
paper ;  though  the  yellow  colour  soon  reappears  on  exposure  to  the 
air,  owing  to  the  volatility  of  the  alkali.  It  combines  also  with  acids, 
and  neutralizes  their  properties  completely.  All  these  salts  suffer 
decomposition  by  being  heated  with  the  fixed  alkalies  or  alkaline 
earths,  such  as  potassa  or  lime.  These  substances  unite  with  the 
add  of  the  salt,  and  the  ammonia  is  expelled.  None  of  the  ammo* 
niacal  salts  can  sustain  a  red  heat  without  bein^  dissipated  in  va^ut 
or  decomposed,  a  character  which  manifestly  aruea  ftonk  \>m  ^cA^V^ 
nature  oflbe  mU»U.  If  combined  with  a  volatile  ac\d»  vncYv  ^  ^^^ 
U 
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nariatic,  the  compound  itielf  f  ublimet  QnehaDged  by  ha 
!■  in  combination  with  an  acid,  iuch  as  the  pbo^lioik,  wk 
In  the  fire,  the  ammonia  alone  if  expelled. 

Hydrofcen  and  nitrogen  gaaes  do  not  unite  direcfly,  an 
cbemiats  have  no  ayntbetic  proof  of  the  conatitution  of  am 
compo«ition,  however,  has  been  detennined  analyticai!} 
exactness.  When  a  succession  of  electric  spariu  is  pasi 
anmoniacal  ||;as,  it  is  resolved  into  its  elements ;  and  the 
is  produced  byconducting  ammonia  through  porcelain  ti 
to  redness.  The  late  A.  Berthollet  analyMd  ammonia  is 
and  ascertained  that  200  measures  of  that  ess,  on  being  d 
occupy  the  space  of  400  measures,  800  of  which  are  ny 
100  nitrogen.  Dr  Henry  has  very  recently  made  an  anal 
monia  by  means  of  electricity,  and  his  experiment  provi 
doubt  that  the  proportions  above  given  are  rigidly  exact 
Philosophy,  xxiv.  846.) 

Now  since  150  cubic  inches  of  hydrogen  weigh 
60  nitrogen 

100  cubic  inches  of  ammonia  must  weigh 
and  it  ii  composed  by  weight  of 

Hydrogen  8.177  8    or  three  proportio 

Nitrogen  14.826  14    or  one  proportion 

Its  equivalent,  therefore,  is  17. 

The  specific  gravity  of  ammonia,  accordinc:  to  this  ca 
0.6902,  a  number  which  agrees  closely  with  those  ascertai 
by  Sir  H.  Davy  and  Dr  Thomson. 

Ammoniacal  gas  has  a  powerful  affinity  for  water,  and  1 
son  must  always  be  collected  over  mercury.  Owing  tc 
tion,  a  piece  of  ice,  when  introduced  into  a  jar  full  of  am: 
stantly  liquefied,  and  the  gas  disappears  in  the  course  i 
conds.  Sir  H.  Davy,  in  bis  elements,  states  that  water  a 
when  the  barometer  stands  at  29.8  inches,  absoibs  670  t 
uroe  of  ammonia;  and  that  the  solution  has  a  specif! 
0.876.  According  to  Dr.  Thomson,  water  at  the  comm 
ture  and  pressure  takes  up  780  times  its  bulk.  By  strong 
water  absorbs  the  gas  in  still  greater  quantity.  Culoric  is 
ring  tlte  absorption,  and  a  considerable  expansion,  indep 
the  increased  temperature,  occurs  at  the  same  time. 

The  concentrated  solution  of  ammonia,  commonly-  th 
rectly  termed  liquid  ammonia,  is  made  by  passing  a  cu 
eas,  as  long  as  it  continues  to  be  absorbed,  into  distilled  \ 
u  kept  cool  by  means  of  ice  or  moist  cloths.     The  gas 

flared  from  any  salt  of  ammonia  by  the  action  of  any  pure  a 
ine  earth ;  but  muriate  of  ammonia  and  lime,  from  ecor 
siderations,  are  always  employed.  The  proportions  to  whic 
preference  are  equal  parts  of  muriate  of  ammonia  and  well-b 
lime ;  considerable  excess  of  lime  being  taken,  in  order  tc 
•**•  muriate  more  expeditiously  and  completely.    The  lit 
^"  addition  of  water,  and  as  soon  as  it  has  fallen  inl 
be  placed  in  an  earthen  pan,  and  covered  to  protei 
lie  acid  of  the  air,  till  it  is  quite  cold.    It  is  then 
'ith  the  muriate  of  ammonia,  previously  reduced 
^e  mlxtnre  is  put  into  a  retort  or  other  conv 
eat  It  then  a^p\\Q^»  an^  \Vv«  \«n\^t^>3QR«  ^ 


.\ 
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a«ed  M  long  m  a  free  evoIutioD  of  gas  continues.  The  ammonia 
»uld  be  condaeted,  by  means  of  a  Welter's  safety  tube,  into  a 
inflty  of  distilled  water  equal  to  the  weight  of  the  salt  employed. 
B  residae  consists  of  muriate  of  lime,  or  strictly  chloride  of  calcium 
I  liaae. 

Hie  concentrated  solution  of  ammonia,  as  thus  prepared,  is  a  clear 
Durlesa  liquid^  of  specific  gravity  0.936.  It  possesses  the  peculiar 
igent  odour,  taste,  allialinity.  and  other  properties  of  the  gas  itself. 
account  of  its  great  volatility,  it  should  be  preserved  in  well- 
pped  bottles,  a  measure  which  is  also  required  to  prevent  the  ab- 
pCion  of  carbonic  acid.  At  a  temperature  of  130**  F.  it  enters  into 
jlljtiony  owing  to  the  rapid  escape  of  pure  ammonia ;  but  the  whole 
the  gae  cannot  be  expelled  by  this  means,  as  at  last  the  solution 
slf  evaporates.    It  freezes  at  about  the  same  temperature  as  mer* 

The  following  table,  from  Sir  H.  Davy's  Elements  of  Chemical 
lilosophy,  shows  the  quantity  of  real  ammonia  contained  in  100 
rts  of  solutions  of  different  densities,  at  59°  F.  and  when  the  bar- 
leter  stands  at  SO  inches.  The  specific  gravity  of  water  is  sup- 
'sed  io  be  10,000  :— 


able  of  the  quantity  of  Real  Ammonia  in  Solutions  of  different 

Densities, 


•0  p€Wt8  of 

».  gratnly 

8750 

8875 

9000 

9054 

9166 

9255 

9826 

9385 


contain 


of  real 
Ammonia 

32.5 

29.25 

26.00 

25.37 

22.07 

19.54 

17.52 

15.88 


100  parts  of 

of  real 

sp.  gravity 

Ammonia 

9435            con 

tain        14.53 

9476 

13.46 

9513 

12.40 

9545 

11.56 

9573 

10.82 

9597 

10.17 

9619 

9.60 

9692 

9.50 

The  presence  of  free  ammoniacal  gas  may  always  be  detected  by 
I  odour,  by  its  temporary  action  on  the  yellow  turmeric  paper,  and 
r  forming  dense  white  fumes,  the  muriate  of  ammonia,  when  a  glass 
d  moistened  with  muriatic  acid  is  brought  near  it. 


SECTION  II. 


COMPOVJVDS  OF  HYDRO GEJ^  AJ^D  CARBOJ^. 

Chemists  have  for  several  years  been  acquainted  with  two  distinct 
mpounds  of  carbon  and  hydrogen,  the  carburetted  hydrogen  and 
Bfiant  gas ;  but  the  researches  of  Mr  Faraday  have  enriched  the 
lence  by  the  discovery  of  two  new  substances  of  a  similar  nature, 
d  the  same  able  chemist  has  demonstrated  the  existence  of  others, 
oog^  he  haa  hitherto  been  unable  to  obtain  them  in  an  inauVdiV^^ 
rm.  According  to  "Dr  Thomson,  naphtha  and  naphOiaUaa  ax«  \\V»- 
aopurv  cmrtnuott  of  hydrogen. 
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Light  Carburetted  Hydrogen. 

ThU  gai  U  Bometimet  called  heavy  it^fiaimmable  mr^  the  ii|/lMi- 
mahle  air  of  marshes,  hydro-earbwreif  and  proto^carburet  if  tf- 
drogen,  Dr  Thomson  proposed  the  tenn  of  ¥kydrogur€t  efembem; 
but  it  is  more  generally  known  by  the  name  of  light  earhwetied  Af* 
drogen.  It  is  formed  abundantly  in  stagnant  poole  during  the  spoi- 
taneous  decomposition  of  dead  vegetable  matter ;  and  it  may  readi|f 
be  procured  by  stirring  the  mud  at  the  bottom  of  them,  and  coUeetiBK 
the  gas»  as  it  escapes,  in  an  inverted  glass  vessel.  In  this  state  it  i 
found  to  contain  l-20th  of  carbonic  acid  gas^  which  may  be  renofsi 
by  means  of  lime-water  or  a  solution  of  pure  potasaa,  and  l-16th  si 
1-20  of  nitrogen.  This  is  the  only  convenient  method  of  obttiH' 
ingit. 

Xiight  carburetted  hydrogen  is  tasteless  and  nearly  inodorous,  and  it 
does  not  change  the  colour  of  litmus  or  turmeric  paper.  Water,  ic* 
cording  to  Dr  Henry,  absorbs  about  l-60th  of  its  volume.  It  eitiB- 
guishes  all  burning  bodies,  and  is  of  course  unable  to  support  tki 
respiration  of  animals.  It  is  highly  inflammable,  and  when  a  jet  of  it 
is  set  on  fire,  it  burns  with  a  yellow  flame,  and  with  a  much  strongw 
light  than  is  occasioned  by  hydrogen  gas.  With  a  due  proportion  d 
atmospheric  air  or  oxygen  gas,  it  forms  a  mixture  which  detonstH 
powerfully  with  the  electric  spark,  or  by  the  contact  of  flame.  Tin 
sole  products  of  the  explosion  are  water  and  carbonic  acid. 

Mr  Dalton  first  ascertained  the  real  nature  of  light  carburetted  hy- 
droeen,  and  it  has  since  been  particularly  examined  by  Dr  Ttiomsoiii 
Sir  li.  Davy,  and  Dr  Henry.  When  100  measures  are  detonated  with 
rather  more  than  twice  their  volume  of  oxygen  gas,  the  whole  of  the 
inflammable  gas,  and  precisely  200  measures  of  the  oxygen  disappeir, 
water  is  condensed,  and  100  measures  of  carbonic  acid  are  prodoced. 
From  this  it  may  be  inferred  (page  178)  that  100  cubic  inches  of 
light  carburetted  hydrogen  contain  100  cubic  inches  of  the  vipoor 
of  carbon  and  200  cubic  inches  of  hydrogen  gas ;  and  that  it  is  compos- 
ed by  weight  of 

Carbon  .        .        6        or  one  proportional. 

Hydrogen       .        .        2        or  two  proportionals. 
Its  atomic  weight  is  consequently  8. 

From  the  same  data  it  follows  that  100  cnbic  inches  of  light  el^ 
buretted  hydrogen,  at  60°  F,  and  when  the  barometer  stands  at  Wia- 
ches,  must  weigh  16.939  grains,  and  its  specific  gravity  is  therefoie 
0.5554.  This  calculated  result  is  almost  identical  with  the  specific 
giavily  of  the  gas  as  determined  directly  by  Dr  Henry  and  Dr  Thoo- 
son. 

Light  carburetted  hydrogen  is  not  decomposed  by  electricity,  or  by 
being  passed  through  red-hot  tubes,  unless  the  temperature  is  veiy 
great.  It  may  be  inferred  from  the  experiments  of  Berthollet,  and  from 
the  phenomena  that  attend  the  formation  of  oil  gas  at  high  tempen- 
tures,  that  light  carburetted  hydrogen  is  resolved  int&  its  elementi,  tt 
least  in  part,  when  the  heat  is  very  intense.  It  follows  from  the 
nature  of  the  gas,  that  for  each  volume  so  decomposed,  two  vohuMS 
of  hydrogen  must  be  set  free. 

Chlorine  and  light  carburetted  hydrogen  do  not  act  on  each  other  it 

common  temperatures,  whan  quite  dry,  even  if  they  are  eiposod  lo 

the  direct  solar  rays.    If  the  gases  are  moist,  and  the  mixture  is  kept 

in  a  dark  place,  still  no  acUou  eYMu«a\  Vm1\C  li^t  be  admitted,  pud- 

cuiar/y  sunshine,  decompos\^on  taWowa.   T\m^  iui&9aK%  ^^^  Y^itoeli 
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depends  upon  the  proportion  of  the  gases.     If  four  measures  of 
chlorine  and  one  of  light  carburetted  hydrogen  are  present,  carbonic 
and  muriatic  add  gases  will  be  produced.    For  during  this  action, 
two  volumes  of  chlorine  combine  with  two  volumes  of  hydrogen  con- 
tained in  the  carburetted  hydrogen,  and'  the  other  two  volumes  of 
chlorine  decompose  so  much  water  as  will  likewise  give  two  volumes 
of  hydrogen, — which  forms  muriatic  acid ;  while  the  oxygen  of  the 
water  unites  with  the  carbon,  and  converts  it  into  carbonic  acid.    If 
there  are  three  instead  of  four  volumes  of  chlorine,  carbonic  oxide 
will  be  generated  instead  of  carbonic  acid,  because  one-half  less  water 
will  be  decomposed.  ^Dr  Hennr.)    If  a  mixture  of  chlorine  and  light 
carburetted  hydrogen  is  electrified  or  exposed  to  a  red  heat,  muriatic 
acid  is  formed,  and  charcoal  deposited. 

It  was  first  ascertained  by  Dr  Henry  (Nicholson's  Journal,  vol  xiz.), 
and  his  conclusions  have  been  fully  confirmed  by  the  subsequent  re- 
searches of  Sir  H.  Davy,  that  the  fire-damp  of  coal  mines  consists 
almost  solely  of  light  carburetted  hydrogen.  This  gas  often  issues  in 
large  quantity  from  between  beds  of  coal,  and  by  collecting  in  mines, 
owing  to  deficient  ventilation,  gradually  mingles  with  atmospheric 
air,  and  forms  an  explosive  mixture.  The  first  unprotected  light 
which  then  approaches,  sets  fire  to  the  whole  mass,  and  a  dreadful 
explosion  ensues.  These  accidents,  which  were  formerly  so  frequent 
and  so  fatal,  are  now  comparatively  rare,  owing  to  the  employment 
of  the  safety  lamp ;  and  I  conceive  it  to  be  demonstrable,  on  the  view 
that  light  carburetted  hydrogen  is  the  sole  constituent  of  fire-damp, 
that  accidents  of  the  kind  cannot  occur  at  all,  provided  the  gauze 
lamp  is  in  a  due  state  of  repair,  and  employed  with  the  requisite  pre- 
cantiona.  For  this  invention  we  are  indebted  to  Sir  H.  Davy ;  and 
we  must  in  justice  remember  that  it  is  not,  like  many  disco venes,  the 
ofispring  of  chance,  but  the  fruit  of  elaborate  experin^ents  and  close 
induction ;  an  invention  which  originated  solely  with  that  philosopher, 
and  which  may  be  regarded  as  one  of  the  happiest  efforts  of  his  genius. 
(Essay  on  Flame.) 

Sir  H.  Davy,  commenced  the  inquiry  by  determining  the  best  pro- 
portion of  air  and  light  carburetted  hydrogen  for  forming  an  explosive 
mixture.  When  the  inflammable  gas  is  mixed  with  three  or  four 
times  its  volume  of  air,  it  does  not  explode  at  all.  It  detonates  feebly 
when  mixed  with  five  or  six  times  its  bulk  of  air,  and  powerfully  when 
one  to  seven  or  one  to  eight  is  the  proportion.  With  14  times  its 
volume,  it  still  forms  a  mixture  which  is  explosive  ;  but  if  a  larger 

Suantity  of  air  be  admitted,  a  taper  burns  in  it  only  with  an  enlarged 
ame. 

The  temperature  which  is  required  for  causing  an  explosion  was 
next  ascertained.  It  was  found  that  the  strongest  explosive  mixture  - 
may  come  in  contact  with  iron  or  other  solid  bodies  heated  to  redness, 
or  even  to  whiteness,  without  detonating,  provided  they  are  not  in  a 
state  of  actual  combustion ;  whereas  the  smallest  point  of  flame,  owing 
to  its  higher  temperature,  instantly  causes  an  explosion. 

The  hst  important  step  in  the  inquiry  was  the  observation  that 
flame  cannot  pass  through  a  narrow  tube.  This  led  Sir  H.  Davy  to 
the  discovery,  that  the  power  of  tubes  in  preventing  the  transmission 
of  flame  is  not  necessarily  connected  with  any  particular  length  ;  and 
that  •  very  ahort  one  will  have  the  effect,  provided  its  diameter  is  pro- 
portionally reduced.  Thus  a  piece  of  fine  wire  gauze,  which  may  be 
itfarded  aa  an  assemblage  of  short  narrow  tubes,  is  quite  impermeable 
to  flame ;  and  consequently  if  a  common  oil  lamp  be  coiiu^e\«\^  «av 
romded  with  m  eags  ofMueb  guuze,  it  may  be  inttodueed  ViAo  vn  «il^ 
US 
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plotive  atmoiphere  of  fire-damp  and  air,  whlMNit  kindHng  the  miitaif . 

ThU  aimple  contriTaDce,  which  is  appropriately  termed  the  Hfitg- 

lampt  not  only  preventa  explosion,  hut  indicates  the  precise  momeDt 

of  danger.     When  the  lamp  is  carried  into  an  atmosphere  charifd 

with  fire-damp,  the  fiame  begins  to  enlarge;  and  Uie  mixture,  IfUglily 

explosive,  takes  fire  as  soon  as  it  has  passed  through  the  gause  mi 

hums  on  its  inner  surface,  while  the  light  in  the  centre  of  the  lamp  b 

extinguished.    Whenever  this  appearance  is  ohserred,  the  niiMr 

roust  instantly  withdraw ;  for  though  the  flame  cannot  commmlealt 

to  the  explosive  mixture  on  the  ouuide  of  the  lamp,  aa  long  u  thi 

textuie  of  the  gauze  remains  entire,  yet  the  heat  emitted  during  Ihi 

combustion  is  so  great,  that  the  wire,  if  exposed  to  it  for  a  few  mlmtfli^ 

would  suffer  oxidation,  and  fall  to  pieces. 

The  peculiar  operation  of  small  tubes  in  obstracting  the  paaa^t  of 
flame  admits  of  a  very  simple  explanation.     Flame  is  gaseoui  raatHr 
heated  so  intensely  as  to  be  luminous ;  and  Sir  H.  Davy  has  shown  tkn 
the  temperature  necessary  for  producing  this  effect,  la  far  higher  tlM 
the  white  heat  of  solid  bodies.    Now  when  flame  comes  in  coatitt 
with  the  sides  of  very  minute  apertures,  aa  when  wire  gauie  is  Ud 
upon  a  burning  jet  of  coal  gas,  it  is  deprived  of  so  much  calorie  dHi 
its  temperature  instantly  lalls  below  the  degree  at  which  gaseooi  mst- 
ter  is  luminous;  and  consequently,  though  the  gas  itself  passes  fieiiy 
through  the  interstices,  and  is  still  very  hot,  it  Is  no  longer  iocaodaf* 
cent    Nor  does  this  take  place  when  the  wire  is  cold  only;— <hi 
effect  is  equally  certain  at  any  degree  of  heat  which  the  flame  en 
communicate  to  it.     For  since  the  gauze  has  a  large  extent  of  mv- 
face,  and  from  its  metallic  nature  is  a  good  conductor  of  caloric,  it 
loses  heat  with  great  rapidity.     Its  temperature  therefore,  though  it 
may  be  heated  to  whiteness,  is  always  so  far  below  that  of  flame,  as  to 
exert  a  cooling  influence  over  the  burning  gas,  and  reduce  iti  bett 
below  the  point  at  which  it  is  incandescent. 

OlefiarU  Gas. 

This  gas  was  discovered  in  1796  by  some  associated  Dutch  chtm* 
iits,  who  gave  it  the  name  of  Oiefiant  gas,  from  its  property  of  form- 
ing an  oily-like  liquid  with  chlorine.  It  is  sometimes  called  ki-caf' 
bvretted  or  per-carburetted  hydrogen  and  hydroguret  oiearbsn; 
but  as  none  of  these  terms  convey  a  precise  idea  of  its  nature,  I  thtA 
employ  the  appellation  proposed  by  its  discoverers. 

Oiefiant  gas  is  prepared  by  mixing  in  a  capacious  retort  six  mti* 
sures  of  strong  alcohol  with  sixteen  of  concentrated  sulpbuiie  add, 
and  heating  the  mixture  as  soon  as  it  is  made  by  means  oi  an  Atpai 
lamp.    The  acid  soon  acts -upon  the  alcohol,  eflerveacenca  ensmi, 
and  oiefiant  gas  passes  over.    The  chemical   changes  whidi  tiki 
place  are  of  a  complicated  nature,  and  the  products  numaroos.   At 
the  commencement  of  the  process,  the  oiefiant  gas  is  mixed  cmly  with 
a  little  ether ;  but  in  a  short  time  the  solution   becomes  dan,  the 
formation  of  ether  declines,  and  the  odour  of  sulphurous  acid  begui 
to  be  perceptible ;   and  towards  the  olose  of  the  operatioot  tboagih 
oiefiant  gas  is  still  the  chief  product,  sulphurous  acid  is  freely  disM- 
gaged,  some  carbonic  acid  is  formed,  and  charcoal  in  large  qaanlity 
deposited.    The  oiefiant  gas  may  be  collected  either  over  witM  or 
mercury.    The  greater  part  of  the  ether  condenses  spontaneooely)  awl 
tbe  sulphurous  and  carbonic  acida  may  be  separated  by  weaUag  tha 
gu  frlm  lime-water,.  01  a  loVuVioik  qI  v^\%  v^vuaau 


i.- 
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The  olefiant  gas  io  this  process  is  derived  solely  from  the  aleohol ; 
nd  itf  production  is  owing  to  (he  stroni;  affioity  of  sulphuric  acid  for 
rater.    Alcohol  is  composed  of  carbon,  hydroj!;en,  and  oxygen  ;  and 
rom  the  proportion  of  its  elements,  it  is  inferred  to  be  a  compound  of 
4  parts  or  one  equivalent  of  olefiant  gas,  united  With  9  parts  or  one 
qnfvalent  of  water.    It  is  only  necessary,  therefore,  in  order  to  ob- 
ain  defiant  gas,  to  deprive  alcohol  of  the  water  which  is  essential 
o  Its  conatittttion,  and  this  is  effected  by  sulphuric  acid.    The  format 
Ion  of  ether,  which  occurs  at  the  same  time,  will  be  explained  here- 
ifter.    The  other  phenomena  are  altogether  extraneous.  They  almost 
ilwaya  ensue  when  substances  derived  from  the  animal  and  vegetable 
Kiogdoms  are  subjected  to  the  action  of  sulphuric  acid.    They  occur 
shiefly  at  the  close  of  the  preceding  process,  in  consequence  of  the 
Bzceas  of  acid  which  is  then  present. 

defiant  gas  is  a  colourless  elastic  fluid,  which  has  no  taste,  and 
scarcely  any  odour  when  pure.     Water  absorbs  about  one-eighth  of 
its  -volume.    Like  the  preceding  compound  it  extinguishes  flame,  is 
unable  to  support  the  respiration  of  animals,  and  is  set  on  fire  when 
a  lighted  candle  is  presented  to  it,  burning  slowly  with  the  emission 
of  a  dense  white  light.    With  a  proper  quantity  of  oxygen  gas,  it 
forms  a  mixture  which  may  be  kindled  by  flame  or  the  electric  spark, 
and  which  explodes  with  great  violence.    To  burn  it  completely,  it 
should  l>e  detonated  with  four  or  five  times  its  volume  of  oxygen. 
On  conducting  this  experiment  with  the  requisite  care,  Dr,  Henry  finds 
that  for  each  measure  of  oleflant  gas,  precisely  three  of  oxygen  dis- 
appear, deposition  of  water  takes  place,  and  two  measures  of  carbonic 
acid  are  produced.    From  these  data  the  proportion  of  its  constituents 
mav  easily  be  deduced  in  the  following  manner.    Two  measures  of 
carbonic  acid  contain  two  measures  of  the  vapour  of  carbon,  which 
must  have  been  present  in  the  olefiant  gas,  and  two  measures  of  oxy- 
gen.   Two-thirds  of  the  oxygen  which  disappeared  are  thus  ac- 
counted for ;  and  the  other  third  must  have  combined  with  hydrogen. 
But  one  measure  of  oxygen  requires  for  forming  water  precisely  two 
measures  of  hydrogen,  which  must  likewise  have  been  contained  in 
the  olefiant  gas     It  hence  follows  that  100  cubic  inches  contain, 

Grairu, 
200  cubic  inches  of  the  vapour  of  carbon,  which  weigh  25.418 
200  hydrogien  gas,  which  weigh  4.230 

and  eoniequently 
100  cubic  inches  of  olefiant  gas  roust  weigh         -        -    29.654 

Its  specific   gravity,  accordingly,  is  0.9722;    whereas  its  specific 
gravity,  as  taken  directly  by  Saussure,  is  0.9S52;  by  Henry,  0.967,  and 
by  Thomson,  0.97. 
Olefiant  gas,  by  weight,  consists  of 

Carbon  .  25.418  12,  or  two  proportionals. 

Hydrogen  .  4.236        .         2,  or  two  proportionals. 

and  its  atomic  weight  is  14. 

Olefiant  gas,  when  a  succession  of  electric  sparks  is  passed  through 
It,  is  resolved  into  charcoal  and  hydrogen ;  and  the  latter  of  course 
occupies  twice  as  much  space  as  the  gas  from  which  it  was  derived. 
Olefiant  gas  is  decomposed  by  being  passed  through  red-hot  tubes  ot 
porcelain.  The  nature  of  the  products  varies  with  the  temperature. 
By  employing  a  very  low  degree  of  heat,  it  may  probably  be  coa- 
▼erted  solely  into  carbon  and  light  carburetted  hydrogen \  axi^\w^\% 
case  no  incrssM  of^olane  can  occur^  because  lYieae  Iwo  %iiAfea«^.Qit 
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equal  bulks,  contain  the  same  quantity  of  hydrogen.  Bat  if  the 
temperature  is  high,  then  a  great  increase  of  volume  takes  plaee,  t 
circumstance  which  indicates  the  evolution  of  free  hydrogen,  and 
consequently  the  total  decomposition  of  some  of  the  ole6ant  gas. 

Chlorine  acts  powerfully  on  olefiant  gas.  When  these  gases  ira 
mixed  together  in  the  proportion  of  two  measures  of  the  former  to 
one  of  the  latter,  they  form  a  mixture  which  takes  fire  on  the  ap- 
proach of  flame,  and  which  burns  rapidly  with  formation  of  muriatie 
acid  gas,  and  deposition  of  a  large  quantity  of  charcoal.  But  if  the 
gases  are  allowed  to  remain  at  rest  after  being  mixed  together,  a  veij 
diflferent  action  ensues.  The  chlorine,  instead  of  decomposing  Ihs 
olefiant  gas,  enters  into  direct  combination  with  it,  sod  a  yellov 
liquid  like  oil  is  generated.  This  sul>stanee  is  sometimes  called 
chloric  ether ;  but  the  term  hydrocarburet  of  chlorine,  as  iodicatife 
of  its  composition,  is  more  appropriate. 

The  hydrocarburet  of  chlorine  was  discovered  by  the  Dutch  chen- 
ists ;  but  Dr.  Thomson*  first  ascei^ained  that  it  is  a  compound  of  ole- 
fiant gas  and  chlorine ;  and  its  nature  has  since  been  more  fully  elu- 
cidated by  the  researches  of  MM.  Robiquet  and  Colin.f  To  obtilB 
it  in  a  pure  and  dry  state,  it  should  be  well  washed  with  water,  ind 
then  distilled  from  chloride  of  calcium.  As  thus  purified,  it  is  i  co- 
lourless volatile  liquid,  of  a  peculiar  sweetish  taste  and  etheveal  odour. 
Its  specific  gravity  at  45°  F.  is  1.2201.  It  boils  at  162^  F.  and  may 
be  distilled  without  change.  It  suffers  complete  decomposition  when 
its  vapour  is  passed  through  a  red-hot  porcelain  tube,  being  resolved 
into  charcoal,  light  carburetted  hydrogen,  and  muriatic  acid  gas. 

The  composition  of  the  hydrocarburet  of  chlorine  is  readily  in- 
ferred from  the  fact,  that  in  whatever  proportions  olefiant  gas  and 
chlorine  may  be  mixed  together,  they  always  unite  in  equal  volumes. 
Consequently  they  combine  by  weight  according  to  the  ratio  of  their 
densities  ;  so  that  the  hydrocarburet  of  chlorine  consists  of 

Chlorine  .  2.5        .    .         36,  one  proportion. 

Olefiant  gas  .  0.9722       .         14,  one  proportion. 

8.4722  50 

and  its  atomic  weight  is  50.    This  estimate  is  confirmed  by  the  lot- 
lysis  of  Robiquet  and  Colin. 

The  hydrocarburet  of  chlorine  forms  a  very  dense  vapour,  its  spe- 
cific  gravity,  according  to  Gny-Lussac,  being  3.4434.  This  is  so  near 
the  united  densities  of  chlorine  and  olefiant  gas,  as  to  leave  no  doubt 
that  the  vapour  contains  its  own  volume  of  each  of  its  constituent!. 

Dr  Henry  has  demonstrated  that  light  is  not  essential  to  the  actioo 
of  chlorine  on  olefiant  gas.  On  this  he  has  founded  an  ingenious  and 
perfectly  efficacious  method  of  separating  olefiant  gas  from  light  cu^ 
buretted  hydrogen  and  carbonic  oxide  gases,  neither  of  which  is  acted 
on  by  chlorine  unless  light  is  present.     (Philos.  Trans,  for  1821.) 

Olefiant  gas  unites  also  with  iodine.  This  compound  was  discover- 
ed by  Mr  Faraday  (Philos.  Trans,  for  1821)  by  exposing  olefiant  giis 
and  iodine,  contained  in  the  same  vessel,  to  the  direct  rays  of  the  sun. 
The  hydrocarburet  o(  iodine  is  a  solid  white  crystalline  body,  which 
has  a  sweet  taste  and  aromatic  odour.  It  sinks  rapidly  in  strong  sul* 
phoric  acid.  It  is  fused  by  heat  and  then  sublimed  without  change, 
condensing  into  crystals,  which  are  either  tabular  or  prismatlc.^n 


•  Memoirs  of  lhe'Weniet\%ii  Society^  vol.  i. 
t  An.  de  Ch.  el  d*  P\i.  ^o\.\.%ii^Vi. 
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ezporaie  to  •trooff  heat,  it  is  decomposed,  and  iodine  escapes.  It 
bums,  if  held  in  the  flame  of  a  spirit  lamp,  with  evolution  of  iodine 
and  some  hydriodic  acid.  It  is  insoluble  both  in  water,  and  in  acid 
or  alkaline  solutions.  Alcohol  and  ether  dissolve  it,  and  on  evapor- 
9i^in%  the  solution  it  crystallizes. 

The  hydrocarburet  of  iodine  is  composed,  accordiofi;  to  the  analysb 
of  Mr  Faradajjr*  (Quarterly  Journal  of  Science,  vol.  xiii.)  of 

Iodine  .        .124  or  one  proportion* 

defiant  gas       .  14  or  one  proportion. 

M.  Serallas  has  also  discovered  a  compound  of  olefiant  gas  and 
iodine.  It  has  a  yellow  colour  like  sulphur,  and  forms  scaly  crystals 
of  a  pearly  lustre.  Though  it  differs  from  the  preceding  compound  in 
some  of  its  properties,  its  composition,  according  to  the  analysis  of  M. 
Serullas,  is  precisely  analogous.  (Annales  de  Ch.  et  do  Ph.  vol.  xx. 
and  xzii.) 

This  compound  was  originally  prepared  by  adding  potassium  to  a 
solution  of  iodine  in  alcohol ;  but  M.  Serullas  has  since  made  it  by 
mixing  a  solution  of  pure  potassa  in  alcohol  with  an  alcoholic  solution 
of  iodine.  Tlie  object  of  both  processes  is  to  present  iodine  in  solu- 
tion to  olefiant  gas  in  a  nascent  state.  It  was  stated  in  the  section  on 
iodine,  that  when  an  alkali,  such  as  potassa,  acts  on  that  substance, 
hydriodic  and  iodic  acids  are  generated  by  the  decomposition  of  water. 
It  has  been  mentioned,  also,  in  the  present  section,  that  pure  alcohol 
is  a  compound  of  water  and  olefiant  gas.  Now,  when  iodine,  potassa, 
and  alcohol,  are  mixed  together,  the  latter  is  decomposed  : — the  water 
contributes  to  the  formation  of  iodic  and  hydriodic  acids ;  while  the  ole- 
fiant gas,  instead  of  assuming  the  gaseous  form,  unites  with  iodine. 
Potassium  acts  still  more  powerfully;  because  it  is  converted  into  pot- 
iBsa  at  the  expense  of  the  water  of  the  alcohol. 

Hvdrocarhuret  of  Bromine. — Hiis  compound  was  formed  by  M. 
Serullas  by  adding  one  part  of  the  hydrocarburet  of  iodine  to  two  parts 
of  bromine  contained  in  a  glass  tube.  Instantaneous  reaction  ensues, 
attended  with  disengagement  of  caloric  and  a  hissing  noise,  and  two 
compounds,  the  bromide  of  iodine  and  a  liquid  hydrocarburet  of 
bromine  are  generated.  By  means  of  water  the  former  is  dissolved  ; 
while  the  latter,  coloured  by  bromine,  collects  at  the  bottom  of  the 
liquid.  The  decoloration  is  then  effected  by  means  of  caustic  potassa. 
In  order  that  the  process  should  succeed,  the  hydrocarburet  of  iodine 
must  not  he  in  excess. 

The  hydrocarburet  of  bromine,  after  being  washed  with  a  solution 
of  potassa,  is  colourless,  heavier  than  water,  very  volatile,  of  a  pene- 
trating ethereal  odour,  and  of  an  exceedingly  sweet  taste,  which  it 
communicates  to  water  in  which  it  is  placed,  in  consequence  of  be- 
ing slightly  soluble  in  that  liquid.  It  becomes  solid  at  a  temperature 
between  21*"  and  23^*  F.  This  compound  is  identical  with  that  which 
M.  Balard  formed  by  letting  a  drop  of  bromine  fall  into  a  flask  full  of 
olefiant  gas.     (An.  de  Ch.  et  Physique,  xxxiv.) 

On  the  New  Carburets  of  Hydrogen  discovered  by 

Mr  Faraday*. 

In  the  process  of  compressing  oil  gas  in  Mr  Gordon's  apparatus* 
during  which  operation  the  gas  is  subjected  to  a  force  equal  to  the 
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presfure  of  thirty  atmospheres,  a  considerable  quantity  of  liqaU 
collects,  which  retains  its  fluidity  at  the  common  atmospheric  prei* 
iore.  This  liquid,  when  recently  received  from  the  vessel,  boils  it 
60°  F.  But  as  soon  as  the  more  volatile  portions  are  dissipated,  whieh 
happens  before  one-tenth  is  thrown  ofT,  the  point  of  ebullition  rises  to 
lOO"* ;  and  the  temperature  gradually  ascends  to  250°  before  all  the 
liquid  is  volatilized.  This  indicated  the  presence  of  several  com- 
pounds, which  differ  in  volatility  ;  and  Mr  Faraday  remarked  that  tbe 
boiling  point  was  more  constant  between  176"  and  190^  F.  thaoatinj 
other  temperature.  He  was  hence  led  to  search  for  a  definite  com* 
pound  in  the  tluid  which  came  over  at  that  period ;  and  at  length  bj 
repeated  distillations,  and  exposing  the  distilled  liquid  to  a  temperatnn 
of  zero,  he  succeeded  in  obtaining  a  substance  to  which  he  has  ap- 
plied the  term  of  bi-earhuret  of  hydrogen. 

The  bi-carburet  of  hydrogen,  at  common  temperatures,  is  a  coloiff- 
less  transparent  liquid,  which  smells  like  oil  gas,  and  has  also  a  slight 
odour  of  almonds.  Its  specific  gravity  is  nearly  0.85  at  60°  F.  At 
8S°  it  is  congealed,  and  forms  dendritic  crystals  on  the  sides  of  the 
glass.  At  zero  it  is  transparent,  brittle,  and  pulverulent,  and  is  nearly 
as  hard  as  loaf-sugar.  When  exposed  to  the  air  at  the  ordinaiy  tem- 
perature it  evaporates,'and  boils  at  186°.  The  density  of  its  vaponr 
at  60"*,  and  when  the  barometer  stands  at  29.98  inches,  la  nearif 
2.7760. 

The  bi-carburet  of  hydrogen  is  very  slightly  soluble  in  water,  bat 
it  dissolves  freely  in  fixed  apd  volatile  oils,  in  ether,  and  in  alcohol, 
and  the  alcoholic  solution  is  precipitated  by  water.  It  is  not  acted  on 
by  alkalies.  It  is  conibustible,  and  burns  with  a  bright  flame  and 
much  smoke.  When  admitted  to  oxygen  gas,  so  much  vapour  rises 
as  to  make  a  powerfully  detonating  ntixture.  Potassium  heated  io  it 
does  not  lose  its  lustre.  On  passing  its  vapour  through  a  red-hot  tube, 
it  gradually  deposites  charcoal,  and  yields  carburetted  hydrogen  gts. 
Chlorine,  by  the  aid  of  sunshine,  decomposes  it  with  evolution  of 
muriatic  acid.  Two  triple  compounds  of  chlorine,  carbon,  and  hydro- 
gen, are  formed  at  the  same  time,  one  of  which  is  a  crystalline  solid, 
and  the  other  a  dense  thick  fluid. 

The  bi-carburet  of  hydrogen  was  analyzed  in  two  ways.  In  the 
firat,  its  vapour  was  passed  over  oxide  of  copper  heated  to  redness; 
and  in  the  second,  it  was  detonated  with  oxygen  gas.  Carbonic  acid 
and  water  were  the  sole  products:  and  as  the  absence  of  oxygen  is 
established  by  the  inaction  of  potassium,  it  follows  that  the  bi-carburet 
consists  of  carbon  and  hydrogen  only.  Mr  Faraday  infers  from  bii 
analyses,  that  100  measures  of  the  inflammable  vapour  require  750  of 
oxygen  for  complete  combustion  :  that  150  measured  of  oxygen  unite 
with  SOO  of  hydrogen ;  and  that  the  remaining  600  combine  with  600 
of  the  vapour  of  carbon,  forming  600  measures  of  carbonic  acid  gas. 
Consequently,  100  measures  of  the  vapour  are  composed  of 
Carbon  .  (0.4166x6)  .  2.49!)6  .  36  six  proportions. 
Hydrogen    .      (0.0694x3)     .    0.2082     .         3      three  proportions. 

Its  atomic  weight  is  therefore  39;  and  its  specific  gravity  by  calcu- 
lation, 2.7078. 

The  second  carburet  of  hydrogen  discovered  by  Mr.  Faraday,  to 
which  he  has  not  given  a  name,  was  derived  from  the  same  source  as 
the  preceding.  It  is  obtained  by  heating  with  the  hand  the  con- 
densed liquid  from  oil  gas,  and  conducting  the  vapour  which  escapes 
through  tubes  cooled  artificially  to  zero.  A  liquid  is  thus  procured, 
wbicb  boila  by  slight  e\eval\on  o(  Vemv«t^V\x\«,^Ti^  V^«Cq^«  the  ther- 
mometer  rUen  to  32°  F.  is  whoWy  TecouNexXft^VcAA  ^^v^oiw. 
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This  TBpour  is  highly  combustible,  and  burns  with  a  briillant  flame. 
Its  specinc  griTity,  at  60^  F.  and  29.94  of  the  barometer,  is  about 
1.9000.  On  being  cooled  to  zero,  it  is  again  condensed,  and  the  spe- 
cific griTity  of  this  liquid  at  64°*  is  0.627 ;  so  that  among  solids  and 
liqd&  it  is  the  liji^test  body  known. 

Water  absorbs  the  vapour  sparingly  ;  but  alcohol  takes  it  up  in  large 
onmntlty,  and  the  solution  effervesces  on  being  diluted  widi  water. 
AJIcaliea  and  muriatic  acid  do  not  affect  it.  Sulphuric  acid,  on  the 
contrary,  absorbs  more  than  100  times  its  volume  of  the  vapour.  A 
dark  coloured  solntioD  is  formed,  but  no  sulphurous  acid  is  disen- 
gi«ed. 

From  the  analysis  of  this  vapour,  made  by  detonating  It  with  oxy- 
seo  gasy  Mr.  Faraday  infers  that  each  volume  requires  six  of  oxygen 
lor  complete  combustion,  and  yields  four  volumes  of  carbonic  acid. 
It  hence  follows  that  100  measures  of  the  vapour  contain  400  mea- 
sures of  the  vapour  of  carbon,  and  400  of  hydrogen  gas,  and  that  this 
carburet  of  hydrogen  consists,  by  weight,  of 

Carbon  .  (0.4166x4)  .  1.6664  .  24  .  four  proportions. 
Hydrogen  .  (0.0694x4)  .  0.2776  .  4  .  four  proportions. 
Its  equivalent  is  therefore  28.  Its  specific  gravity  must  be  1.9440  ; 
and  Mr.  Faraday  regards  this  estimate  of  its  specific  gravity  as  nearer 
the  truth  than  that  above  stated.  The  composition  of  this  substance 
was  calculated  by  Dr.  Thomson  (Principles  of  Chemistry,  vol.  i.  p. 
151)  before  the  compound  itself  had  been  obtained  in  an  insulated 
form.  He  terms  it  quadrO'Carburetted  hydrogen,  and  is  of  opinion 
that  it  exists  in  sulphuric  ether,  combined  with  one  equivalent  of 
water.  This  view  is  justified  by  the  proportion  in  which  the  elements 
of  ether  are  united. 

The  discovery  of  this  substance  has  established  a  fact  which  is  al- 
together new  to  chemists.  The  elements  of  the  new  carburet  are 
united  in  the  proportion  of  24  to  4,  and  those  of  olefiant  gas  in  that 
of  12  to  2 ;  that  is,  the  carbon  and  hydrogen  in  both  are  in  the  ratio 
of  6  to  1,  and  therefore  each  may  be  regarded  as  a  compound  of 
one  atom  of  Its  component  principles.  Hence  it  appears  that  two 
substances  may  be  identical  with  respect  to  the  proportion  of  their 
constituents,  and  yet  be  quite  distinct  in  their  physical  and  chemical 
properties. 

This  peculiarity  is  explicable  on  the  supposition  that  the  ultimate 
atoms  of  such  compounds  are  differently  disposed.  It  is  to  be  pre- 
sumed that  the  smallest  possible  particle  of  olefiant  gas  contains  two 
atoms  of  carbon  and  two  atoms  of  hydrogen :  and  that,  in  like  man- 
ner, an  integrant  particle  of  the  new  compound  of  Mr  Faraday  con- 
tains four  atoms  of  each  element.  Neither  of  these  substances 
could,  I  conceive,  be  formed  by  direct  union  of  a  single  atom  of  car- 
bon and  a  single  atom  of  hydrogen.  If  a  combination  of  the  kind 
were  to  occur,  a  new  compound,  different  from  any  known  at  present, 
would  be  the  result.  Such  appears  to  me  the  only  satisfactory  mode 
of  accounting  for  the  phenomena. 


*  This  statement  seems  to  require  some  explanation  ;  as  it  is  not 
easy  to  understand  how  the  specific  gravily  of  a  liquid,  which  be- 
comes a  vapour  at  a  temperature  below  82°,  could  be  ascertained  at  64**. 
The  fact  is  that  it  was  examined  in  a  tube  hermetically  sealed,  and, 
therefore,  under  considerable  pressure ;  in  consequence  of  which  it 
retained  its  liquid  form  at  the  temperature  above-meuUou«<Si«    ^. 
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Naphtha  from  Coal  Tar. 

This  lubstance  is  obtaiDed  by  the  distillation  of  coil  tar,  and  ii 
termed  JVaphtha  from  its  similarity  to  minerml  naphtha.  It  has  astnnig 
and  peculiar  empyreumatic  odour,  and  is  hisbiy  inflammable.  Po> 
tassium  may  be  preserved  in  it  without  losmg  its  lustre,  which  is  i 
sufficient  proof  that  it  contains  no  oxygen.  According  to  Dr.  TboB* 
son,  one  measure  of  the  vapour  of  naphtha  contains  six  measnrei  fl( 
the  vapour  of  carbon,  and  six  of  hydrogen  eas ;  or,  by  weight,  cofr 
sists  of  86  or  six  proportionals  of  carbon,  and  6  or  siz  proportionali  of 
hydrogen. 

JVaphthaline. 

This  compound  is  likewise  derived  from  coal  tar.  If  the  distillatiii 
is  conducted  at  a  very  gentle  heat,  the  naphtha,  from  its  greater  foll* 
tility,  first  passes  over ;  and  afterwards  the  naphthaline  rises  in  fapoor, 
and  condenses  in  the  neclc  of  the  retort  as  a  white  crjrataUine  sdi 
(Dr  Kid  in  the  Phil.  Trans,  for  1821,  page  216.*) 

Pure  naphthaline  is  heavier  than  water,  has  a  paneent  aroaiitie 
taste,  and  a  peculiar,  faintly  aromatic,  odour,  not  unlike  that  of  dM 
narcissus.  It  is  smooth  and  unctuous  to  the  touch.  Is  perfectly  wUtik 
and  has  a  silvery  lustre.  It  fuses  at  180®,  and  assumea  a  aystaUM 
texture  in  cooling.  It  volatilizes  slowly  at  common  temperattmii 
and  boils  at  410°  F.  Its  vapour,  in  condensing,  crystallizes  with  le- 
markable  facility  in  thin  transparent  lamine. 

Naphthaline  is  not  very  readily  inflamed  ;  but  when  set  on  fiie  It 
burns  rapidly,  and  emits  a  large  quantity  of  smoke.  It  is  insoluble  ia 
cold,  and  very  sparingly  dissolved  by  hot  water.  Its  proper  solfesti 
are  alcohol  and  ether,  and  especially  the  latter.  It  is  likewise  soJoble 
in  olive  oil,  oil  of  turpentine,  and  naphtha. 

The  alkalies  do  not  act  upon  naphthaline.  The  acetic  and  oxifie 
acids  dissolve  it,  forming  pink  coloured  solutions.  Sulphuric  acid  aa* 
ters  into  direct  combination  with  it,  and  forms  a  new  and  pecoBu 
acid,  which  Mr  Faraday  has  described  in  the  Philosophical  Tvumt- 
tions  for  1826,  under  the  name  of  Sulpho'tiaphthalie  acid. 

Naphthaline,  according  to  the  analysis  of  Dr  Thomson,  is  asei^ 
carburet  of  hydrogen ;  that  is,  a  compound  of  9  parts  or  an  equin- 
lent  and  a  half  of  carbon,  and  one  equivalent  of  hydrogren.  It  is  de- 
sirable, however,  that  this  analysis  should  be  repeated. 

The  sulpho-naphthalic  acid  Is  made  by  melting  naphthaline  with  half 
its  weight  of  strong  sulphuric  acid,  when  a  red  coloured  liquid  ii 
formed,  which  becomes  a  crystalline  solid  in  cooling.  •  The  mass  ii 
soluble  in  water,  and  the  solution  contains  a  mixture  of  aulphoricaid 
sulpho-naphthalic  acids.  On  neutralizing  with  carbonate  of  baiyta, 
the  insoluble  sulphate  subsides,  while  the  soluble  sulpho-naphthuile 
remains  in  solution ;  and  on  decomposing  this  salt  by  a  quantity  ef 
sulphuric  acid  precisely  sufficient  for  precipitating  the  baryta,  pore 
sulpho-naphthalic  acid  is  obtained. 

The  aqueous  solution  of  the  acid,  as  thus  formed,  reddens  fitmai 
paper  powerfully,  and  baa  a  bitter  acid  taste.  On  conceatrating  by 
heat,  the  liquid  at  last  acquires  a  brown  tint,  and  if  then  taken  iioai  Che 


*  See  also  a  paper  by  lit  Btande  in  the  Quarterly  Journal  of  Sei- 
coce,  Fjij.  289;  and  Anna\sot  ^>M\o&o\\k^^l^.^.Ni\,\W, 
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secoiDM  solid  as  it  cools.  If  the  concentration  is  effected  by  means 
ilphnrie  acid  in  an  exhausted  receiver,  the  acid  becomes  a  soft  white 
,  apparently  dry,  and  at  length  hard  and  brittle.  In  this  state  it  is 
licslly  united  with  water,  deliquesces  on  exposure  to  the  air, 
a  close  vessels  underwent  no  change  during  several  months.  Its 
,  besides  being  bitter  and  sour,  leaves  a  metallic  flavour  like  that 
ipreoos  salts.  When  heated  in  a  tube  at  temperatures  beloiv 
t  it  Is  fused  without  undergoing  any  other  change,  and  crystallizes 
centres  in  cooling.  When  more  strongly  heated,  water  is  ex- 
\d,  and  the  acid  appeara  to  be  then  anhydrous ;  but  at  the  same 
it  acquires  a  red  tint,  and  a  minute  trace  of  free  sulphuric  acid 
be  detected,— circumstances  which  indicate  commencing  de- 
josition.  On  raising  the  temperature  still  higher,  the  red  colour 
ens,  tfien  passes  into  brown,  and  at  length  the  acid  is  resolved 
naphthaline,  sulphurous  acid,  and  charcoal;  but  in  order  thus  to 
mpose  all  the  acid,  a  red  heat  is  requisite, 
ilpho-naphthalic  acid  is  readily  soluble  in  water  and  alcohol,  and  is 
dissolved  by  oil  of  turpentine  and  olive  oil,  in  proportions  de- 
lent  on  the  quantity  of  water  which  it  contains.  By  the  aid  of 
it  unites  with  naphthaline.  It  combines  with  alkaline  bases,  and 
I  neutral  salts,  which  are  called  stUpho-naphthalates,  All  these 
are  soluble  in  water,  and  most  of  them  in  alcohol,  and  when  ex- 
i  to  heat  in  the  open  air,  take  fire,  leaving  sulphates  or  lulphu- 
iceording  to  circumstances. 

om  Mr  Faraday's  analysis  of  the  neutral  sulpho-naphthalate  of 
ta,  it  appeara  that  78  parts  or  one  proportional  of  baryta  are  com- 
]  with  208  parts,  or  what  may  be  regarded  as  one  equivalent,  of 
lo-naphthalic  acid.  These  208  parts  were  found  to  consist  nearly 
0  parts  or  two  equivalents  of  sulphuric  acid,  120  parts  or  twenty 
valents  of  carbon,  and  8  parts  or  eight  equivalents  of  hydrogen. 
IS  not  been  demonstrated  that  sulphuric  acid  exists  as  such  in  the 
pound,  nor  is  it  known  how  its  elements  are  arranged  ;  but  from 
e  interesting  facts  noticed  by  Mr  Henoel,  to  he  mentioned  in 
lection  on  ether,  it  appeara  very  probable  that  sulpho-naphthalic 
is  composed  of  two  proportionals  of  sulphuric  acid,  united  with 
ity  of  carbon  and  eight  of  hydrogen,  the  two  latter  existing  as  a 
jret  of  hydrogen. 

On  Coal  and  Oil  Gas. 

ie  nature  of  the  inflammable  gases  derived  from  the  destructive 
Itation  of  coal  and  oil  was  firet  ascertained  by  Dr.  Henry*,  who 
red,  in  several  elaborate  and  able  essays,  that  these  gaseous  pro- 
B  do  not  differ  essentially  from  one  another,  but  consist  of  a  few 
known  compounds,,  mixed  in  different  and  very  variable  proper- 
I.  The  chief  constituents  were  found  to  be  light  carburetted  by- 
en  and  olefiant  gases,  besides  which  they  contain  an  inflammable 
•ur,  free  hydrogen,  carbonic  acid,  carbonic  oxide,  and  nitrogen 
s.  The  discoveries  of  Mr  Faraday  have  elucidated  the  subject 
further,  by  proving  that  there  exists  in  oil  gas,  and  by  inference 
Ml  gas  also,  the  vapour  of  several  definite  compounds  of  carbon 
hydrogen,  the  presence  of  which,  for  the  purpose  of  illumination, 
iceedingly  important. 


NiebolMoV  JoaniBl  for  1805,    Philosophical  Tiaava^Woxa  ^o^ 
:  JMd.  for  1821. 
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The  illamiDating  power  of  the  ingredloDU  of  cotl  end  oil  gM  b 
rety  unequal.  Thus  the  carboaic  oxide  and  carbonic  add  are  poit 
tifcly  hurtful ;  that  is,  the  other  gases  would  give  more  Kght  wiUiMl 
them.  The  nitrogen  of  course  can  be  of  no  service.  The  hydn^pa 
Is  actually  prejudicial ;  because,  though  it  evolves  a  large  quantity  if 
caloric  in  burning,  it  emits  an  exceedingly  feeble  light,  llie  cano- 
rets  of  hydrogen  are  the  real  illuminatug  agents,  and  the  degree  if 
light  emitted  Dy  these  is  dependent  on  the  quantity  of  carbon  wUi^ 
they  contain.  Thus  olefiant  gas  illuminates  much  more  poweifylf 
than  light  carburetted  hydrogen ;  and,  for  the  same  reason,  the  Hum 
▼apour  of  the  quadrocarburet  of  hydrogen  emits  a  far  greater  qoanti^ 
of  light,  for  equal  volumes,  than  olefiant  gas. 

From  these  facts,  it  is  obvious  that  the  comparative  illuminad^ 
power  of  different  kinds  of  coal  and  oil  gas  may  be  estimated,  appm- 
imately  at  least,  by  determining  the  relative  quantities  of  the  deMV 
carburets  of  hydrogen  which  enter  into  their  composition.  This  wf 
be  done  in  three  ways.  1,  By  their  specific  gravity.  2,  By  the  le* 
lative  quantities  of  oxygen  required  for  their  complete  combnstiMi 
8,  By  the  relative  quantity  of  gaseous  matter  condensible  by  chlefffais 
in  the  dark ;  for  chlorine,  when  light  is  excluded,  condenses  all  Iheby- 
dro-carburets,  excepting  light  carburetted  hydrogen.  Of  these  ae* 
thods,  the  last  I  conceive  is  the  least  exccptiouable*. 

The  formation  of  coal  and  oil  gas  is  a  process  of  considerable  M* 
cacy.  Coal  gas  is  prepared  by  heating  coal  to  redness  in  Iron  retoili> 
The  quality  of  the  gas,  as  made  at  diflTerent  places,  or  at  the  suns 
place  at  different  times,  is  very  variable ;  the  specific  gravity  of  soma 
specimens  having  been  found  so  low  as  0.448,  and  that  of  others  so 
high  as  0.700.  These  differences  arise  in  part  from  the  nature  of  the 
coal,  and  partly  from  the  mode  in  which  the  process  is  conducted. 
The  regulation  of  the  degree  of  heat  is  the  chief  circumstance  in  (hs 
mode  of  operating,  by  which  the  quality  of  the  gas  is  affected.  Thit 
the  quality  of  the  gas  may  be  influenced  from  this  cause  is  obviooi 
from  the  fact,  that  all  the  dense  hydro-carburets  are  resolved  by  a 
ttrong  red  heat  either  into  charcoal  and  light  carbureUed  hydrogen,  or 
into  charcoal  and  hydrogen  gas.  Consequently  the  gas  made  at  a  veiy 
high  temperature,  though  its  quantity  may  be  comparatiTcly  great, 
has  a  low  specific  gravity,  and  illuminates  feebly.  It  is»  therefore,  in 
object  of  importance  that  the  temperature  should  not  be  greater  than  ii 
required  for  decomposing  the  coal  effectually,  and  that  tne  retorts  be 
so  contrived  as  to  prevent  the  gas  from  passing  over  a  red-hot  sur&ee 
subsequently  to  its  formation. 

These  remarks  apply  with  still  greater  force  to  the  manufacture  of 
oil  gas,  because  oil  is  capable  of  yielding  a  much  larger  quantity  of  the 
heavy  hydro-carburets  than  coal.  The  quality  of  oil  gas  from  tbe 
same  material  is  liable  to  such  great  variation  from  the  mode  of  manu* 
lecture,  that  the  density  of  some  specimens  has  been  found  so  low  at 
0.464,  and  that  of  others  so  high  as  1.110.  Tbe  average  specific 
gravity  of  good  oil  gas  is  0.900,  and  it  should  never  be  made  higher. 
The  true  interest  of  the  manufacturer  is  to  form  as  much  olefiant  gu 
as  possible,  with  only  a  small  proportion  of  tbe  heavier  hydro- carburets. 
If  tbe  latter  predominate,  the  quantity  of  gas  derived  from  a  given 
weight  of  oil  is  greatly  diminished ;  and  a  subsequent  loss  is  experi- 

*  For  a  discussion  of  this  and  other  questions  relative  Co  oil  aed 
coa/  ga«,  the  reader  may  consuM  vn  eia%^  Vj  VVt  GhiUtlson  and  WJ* 
self  iD  Che  £dinbur|rb  PhUoaopYi\c«\  lo^tna\  \fk\  \%1b« 
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eneed  by  the  eondenntion  of  the  inflammable  Ttpoura  wbeo  tbe  gas 
U  comprewed,  or  while  it  is  circulatiog  through  the  distributing  tubes. 

Coil  gas,  when  Brst  prepared,  always  contains  sulphuretted  hydro- 
mtitf  and  for  this  reason  roust  be  purified  before  being  distributed  for 
DurniDg.  The  process  of  purification  consists  in  passing  the  gas  under 
ttroog  pressure  through  milk  of  lime,  or  causing  it  to  descend  through 
foceessive  layers  of  dry  hydrate  of  lime.  This  latter  method,  which 
is  practised  with  great  success  at  Perth  under  the  able  direction  of  Mr 
Anderson  of  that  city,  has  this  advantage  over  the  former,  that  while 
it  deprives  the  gas  completely  of  sulphuretted  hydrogen,  there  is  no 
loss  from  absoqition  of  olefiant  gas  or  the  heavy  hydro-carburets,  as 
invariably  ensues  when  milk  of  lime  is  employed.  But  coal  gas,  after 
being  thus  purified,  still  retains  some  compound  of  sulphur,  most  pro- 
bably, as  Mr  Brande  conjectures,  sulphuret  of  carbon,  owing  to  the 
pretence  of  which  a  minute  quantity  of  sulphurous  acid  is  generated 
daring  Its  combustion.  Oil  gas,  on  the  contrary,  needs  no  purifies* 
tion;  and  as  It  Is  ftee  from  all  compounds  of  sulphur,  it  does  not  yield 
any  sulphurous  acid  in  burning,  and  is  therefore  better  fitted  for  light- 
ing dwelling-houses  than  coal  gas. 

With  respect  to  the  relative  economy  of  the  two  gases,  I  may  ob- 
serve that  the  illuminating  power  of  oil  gas,  of  specific  pavity  0.900, 
is  about  double  that  of  coal  gas  of  0.600.  In  coal  districts,  however, 
oB  gas  is  fully  three  times  the  price  of  coal  gas,  and  therefore  in  such 
fitnations,  the  latter  Is  considerably  cheaper.     (Essay  above  quoted.) 

A  successful  attempt  has  been  made  by  Mr  Daniell  to  procure  a 
gas,  similar  to  that  from  oil  in  being  free  from  sulphur,  but  made  with 
cheaper  materials.  The  substance  employed  for  this  purpose  is  a  solu- 
tion of  common  resin  in  oil  of  turpentine.  The  combustible  liquid  is 
made  to  drop  into  red-hot  retorts  In  the  same  manner  as  oil ;  and  the 
oil  of  turpentine,  which  from  its  volatility  is  driven  off  in  vapour,  is 
collected,  and  again  used  as  a  menstruum.  For  this  process  Mr 
Daniell  has  taken  out  a  patent,  and  the  gas  so  prepared  is  employed 
by  Mr  Gordon  for  filling  his  portable  lamps.  The  gas  is  reported  to 
be  in  every  respect  equal  to  oil  gas ;  but  I  have  not  seen  the  account 
of  any  experiments  by  which  this  is  proved.  The  gas  made  last  year, 
1^  the  late  Oil  Gas  Company  of  Edinburgh,  from  resin  liquefied  by 
beat,  and  from  a  solution  of  resin  in  tar,  I  found  to  be  little  superior  in 
fflnmloatlng  power  to  good  coal  gas. 


SECTION  III. 

COMPOWSTDS  OF  HYDRO GEJV  JIJVD  SULPHUR— SUL- 

PHURETTED  HVDROGEJV. 

The  best  method  of  preparing  pure  sulphuretted  hydrogen  is  by 
beating  sulphuret  of  antimony  in  a  retort,  or  any  convenient  glass  flask, 
with  four  or  five  times  its  weight  of  strong  muriatic  add.  An  inter- 
change of  elements  fakes  place  between  water  and  the  sulphuret  of 
lotlmony.  In  consequence  of  which,  sulphuretted  hydrogen,  and  the 
protoxide  of  antimony,  are  generated.  The  former  escapes  with  effer- 
rescence,  while  the  latter  unites  with  muriatic  acid.  The  affinitiea 
irhicb  determine  these  changes  are  the  attractioii  o{  YkydTOf^en  lox  tra^* 
phur,  of  oxygen  for  antimony,  and  of  muriatic  acid  (oi  ^toVonxde  ^^ 
antimony.     Thia  proceaa  may  be  explained  diffeieuWY-    \uiVft^<^  ^^ 
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TOter,  Borialk  aeid  any  be  lupiNMed  to  undergo  deeonpoi 
%  leUing  itf  bydi ofen  to  the  lolphur,  end  itf  chlorine  to  i 
pve  n«c  to  tulphuretted  hydrogen  end  chloride  of  eotimi 
ciLtc  doubtful  which  expUnation  ie  the  tnie  one,  and  accoidi 
cbMbifif  adopt  one  opinion,  and  others  the  other. 

SalpburYiied  hydrogen  is  also  formed  by  the  action  of  mi 
iri!-i»::c  kcid,  diluted  with  three  or  four  parts  of  water,  go 
f  t  u-v:  of  iron :  and  the  theory  of  the  phenomena  is  similsr  t 
of  l^4e  two  eiplinations  just  mentioned.  Protosulphuret  of 
t>f  ^'^ru'fi  riibcr  by  icniting  common  Iron  pyrites,  (the  < 
f  r  .rri  0!  ::on  .  by  which  means  one  proportional  of  sulphiu 
<  I .  c  r  :  T  es;*Mine  to  a  low  red  heat  a  miiture  of  two  par 
:  .u^«  kLu  rather  more  than  one  of  sulphur.  The  materisbi 
}  ■kcfc  m  a  c:>tnraon  earthen  or  cast  iron  crucible^  and  be  pre 
IT  jrh  ««  po#«iMe  from  the  air  during  the  process.  The  proi 
re:  r*.'«c':?f  J  from  iron  filings  and  sulphur  always  eontaioii 
c^xi'.-i.rJ  iron,  and  therefore  the  gas  obtained  from  itis  ne 
f  jre.  t«t:is  mi\ed  with  a  little  free  hydrogen.  This,  bow 
XLtry  purpose*,  i^  quite  immaterial. 

> J 'phu rested  hydrogen  is  a  colourless  gas,  and  is  diitl 
iron,  all  oiher  gaseous  substances  by  its  offensive  taste  u 
which  i«  similar  to  that  of  putrefying  eggs,  or  the  water  ofn 
»r:;cg«.  Under  a  pressure  of  17  atmospheres,  at  60^  F,  il 
p-e«sed  into  a  limpid  liquid,  which  resumes  the  gaseous  state i 
the  pre#*urc  is  removed. 

Sulphuretted  hydrogen  is  very  injurious  to  animal  life.  J 
•.V-)  :i.t«  e\pcrimei>t.4  o(  Dupuytren  and  Thenard,  the  pre 
I-I3'M»:h  oi  iiulpliurettcd  hydrogen  in  air,  is  instantly  fatal  i 
I. id:  l-'^'^fMli  killed  a  iniddlc-sized  dog,  and  ahorse  died 
i:.K-i\ '  e:e  wlitch  contained  1-I50th  of  its  volume. 

^  ;!phurt>i!rd  liydrof;on  extinguishes  all  burning  bodies 
«:-.«  :.tike«  tro  when  a  lighted  candle  is  immersed  in  it,  and 
a  \  I'c  I'.uo  l).i!ne.  Water  and  sulphurous  acid  are  the  prof 
c.^r.r'.i»:ion.  .md  sulphur  is  deposited.  With  oxygen  gas 
t:.:\'L:i'  which  detonateii  by  the  application  of  flame  or  t1 
>:-':k.  Il  lOii  mo.i:tures  of  sulphuretted  hydrogen  are  expl 
1%it  oi'oxyci'n.  the  former  is  completely  consumed,  the  o 
appcKs.  M.iifr  i:*  deposited,  and  100  measures  of  sulphuroi 
rcr.ain.  ^Dr  Thomson.)  From  the  result  of  this  expei 
co:npo>ition  of  siilphuretted  hydrogen  may  be  inferred  ;  fo 
from  the  composition  of  sulphurous  acid,  (page  179)  that 
r-:  ihe  oxygen  must  have  combined  with  sulphur  ;~and,  the 
lilt'  remaining  one-third  contributed  to  the  formation  of  wa 
.•ifi^uonily,  sulphuretted  hydrogen  contains  its  own  volume 
pour  of  sulphur  and  of  hydrogen  gas;  and  since 

100  cubic  inches  of  the  vapour  of  sulphur  weigh 
luO  cubic  inches  of  hydrogen  gas  weigh 

100  cubic  inches  of  sulphuretted  hydrogen  gas  must  weigl 
and  its  specific  gravity  is  1.1805. 

Tlio  accuracy  of  this  estimate  is  confirmed  by  eevei 

fftlpcee.    Thus,  according  to  Gay-Lussac  and  Thenard,  th( 

Jttflpo  inches  of  sulphuretted  hydrogen  is  86.S3  grain 

^^^^^t^Uid  Dr  Thomson  foMivd  it   somewhat  Iighte 

^^  fitted  In  hydio^eik  fsa,  au\\^^t«\VA4  \\>|^x^^jhq^ 
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wItlHHit  ftojr  change  of  Tolume.  On  i|^itiDg  platiDam  wires  in  it 
the  voltaic  apparatos,  sulphur  is  deposited,  and  an  equal  volume  of 
•e  hydrogen  remains.  A  similar  effect  is  produced,  though  more 
irly,  by  a  auecession  of  electric  sparlcs.  (Elements  of  Sir  H. 
ry,  p.  262.)  Gay-Lussac  and  Thenard  have  eiven  ample  demon- 
ition  of  the  same  fact.  Thus  on  heating  tin  m  sulphuretted  hy- 
een  sas*  a  sptphuret  of  tin  is  formed ;  and  when  potassium  Is  heated 
It,  Tivid  combustion  ensues,  with  formation  of  the  sulphuret  of 
assiuro.  In  both  cases,  pure  hydrogen  is  left,  which  occupies  pre- 
3ly  the  same  space  as  the  gas  from  which  it  was  derived.  (Recher- 
»  Pbysico-Chimiques,  vol.  i.) 

rrom  the  data  above  stated,  it  follows  that  sulphuretted  hydrogen 
omposed,  by  weight,  of 

lulphur  .        83.888  16  one  proportional, 

lydrogen        •  2.118        .  1       .       one  proportional. 

Sulphuretted  hydrogen  has  decided  acid  properties ;  for  it  reddene 
ana  paper,  and  forms  salts  with  alkalies.  It  is  hence  sometimes 
led  hydrOBUlphurie  acid.  Its  salts  are  termed  hydronUphureiM  or 
ffosufphatea.  AH  the  hydrosulphurets  are  decomposed  by  muri- 
;  or  sulphuric  acid,  and  sulphuretted  hydrogen  is  disengaged  widi 
trvescence. 

lecently  boiled  water  absorbs  its  own  volume  of  sulphuretted  hy- 
gen,  and  acquires  the  peculiar  taste  and  odour  of  sulphurous 
ings.  The  gas  is  expelled  without  change  by  boiling. 
rhe  elements  of  sulphuretted  hydrogen  may  easily  be  separated 
n  one  another.  Thus  on  putting  a  solution  of  sulphuretted  hvdro- 
I  into  an  open  vessel,  the  oxygen  absorbed  from  the  air  gradually 
tes  with  the  hydrogen  of  the  sulphuretted  hydrogen,  water  is  form* 
and  sulphur  deposited.  Sulphuretted  hydrogen  and  sulphurous 
d  mutually  decompose  each  other,  with  formation  of  water  and  de- 
lition  of  sulphur.  If  a  drachm  of  fuming  nitric  acid  is  poured  into 
ottle  full  of  sulphuretted  hydrogen  gas,  a  bluish-white  flame  passes 
lidly  through  the  vessel,  sulphur  and  nitrous  acid  fumes  make  their 
>earance,  and  of  course  water  is  generated.  Chlorine,  iodine,  and 
mine  decompose  sulphuretted  hydrogen,  with  separation  of  sulphur, 
1  formation  either  of  muriatic,  hydriodic,  or  hydrobromic  acid, 
atmosphere  charged  with  sulphuretted  hydrogen  gas  may  be  puri- 
l  by  means  of  chlorine  in  the  space  of  a  few  minutes, 
lulphuretted  hydrogen,  from  its  affinity  for  metallic  substances,  is  a 
tmical  agent  of  great  importance.  It  tarnishes  golj^  and  silver 
verfully,  forming  with  them  metallic  sulphurets.  White  paint,  ow- 
to  the  lead  which  it  contains,  is  blackened  by  it ;  and  the  salts  of 
riy  all  the  common  metals  are  decomposed  by  its  action.  In  most 
es,  the  hydrogen  of  the  sulphuretted  hydrogen  combines  with  the 
gen  of  the  oxide,  and  the  metal  unites  with  the  sulphur. 
Sulphuretted  hydrogen  is  readily  distinguished  from  other  gases  by 
odour.  The  most  delicate  chemical  test  of  its  presence  is  carbon- 
of  lead  (white  paint)  mixed  with  water  and  spread  upon  a  piece 
vhite  paper.  So  minute  a  quantity  of  sulphuretted  hydrogen  may 
this  means  be  detected,  that  one  measure  of  the  gas  mixed  with 
[KM)  times  its  volume  of  air,  hydrogen,  or  carburetted  hydrogen, 
N  a  brown  stain  to  the  whitened  surface.  (Dr  Henry.) 

Biaulphuretted  Hydrogen. 

lioagh  Scheale  discovered  this  compound,  U  wiA  fxn\  ^t^k^Aw^i 
uibed  byBeriholhL    (An.  de.  Cliimie»  Tol.  ZXT.)    U  UK)  V%  WiA» 
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conveDicoUy  by  boiling  aqual  parti  of  roetotly  dakod  Una  tnd  floirai 
of  fulphiir  with  6ve  or  six  of  waler»  wboa  a  deep  onpge-yellow  lohii 
lioo  ii  fonncd,  which  contains  a  hydroaulphuret  of  lime  with  anas 
of  sulphur.  Oo  pouring  this  liquid  into  strong  muriatic  acid,  eopiov 
deposition  of  sulphur  takes  place ;  and  the  neater  part  of  the  soiplii- 
retied  hydrogen,  instead  of  escaping  with  effervescence,  is  retained  bj 
the  sulphur.  After  some  minutes,  a  yellowish  semifluid  matter  tti 
oil  collecu  at  the  bottom  of  the  Yeasel,  which  is  higulfkyrtUiA  hf- 
drogen. 

From  the  facility  with  which  this  substance  reaoWea  itidf  into 
sulphur  and  sulphuretted  hydrogen,  its  history  Is  Imperfect,  and  k 
some  respects  obscure.  It  is  viscid  to  the  toucn,  and  has  the  paenlir 
odour  and  taste  of  sulphuretted  hydrogen,  though  in  a  slighter  degree. 
It  appears  to  possess  the  properties  of  an  add;  for  it  unites  with  alka- 
lies and  the  alkaline  earths,  forming  salts  which  are  termed  »ulpkih 
retted  hydroiulphnreti.  According  to)Mr  Dalton,  the  bl-aolphuieUed 
hydrogen  consists  of  one  equivalent  of  hydrogen  and  two  equivalsati 
oi  sulphur ;  and  consequently  its  combining  proportion  is  83.  Thii 
view  of  its  composition  is  corroborated  by  Mr  Herschel's  analysii  U 
the  sulphuretted  hydroaulphuret  of  lime.  (Edinburgh  Philos.  Journal, 
vol.  i.  p.  13.) 

The  salts  of  bisulphuretted  hydrogen  may  be  prepared  by  digesHaf 
sulphur  in  solutions  of  the  alkaline  or  earthy  hydrosulphurets.  Thay 
are  also  generated  when  alkalies  or  alkaline  earths  are  boiled  with  ml* 
phur  and  water ;  but  in  this  case,  aooiher  salt  is  formed  at  the  same 
time.  Thus,  on  boiling  together  lime  and  sulphur,  as  in  the  precediog 
process,  the  only  mode  by  which  sulphuretted  hydrogen  can  be  form- 
ed at  all,  is  by  the  decomposition  of  water ;  but  since  no  oxygen  es* 
capes  during  the  ebullition,  it  is  manifest  that  the  elemenla  of  that 
liquid  must  ha?e  combined  with  separate  portions  of  sulphur,  andhafe 
formed  two  distinct  acids.  One  of  these,  in  all  probability,  is  bypo- 
sulphurous  acid ;  and  the  other  is  sulphuretted  hydrogen. 

The  sails  of  bisulphuretted  hydrogen  absorb  oxygen  from  the  air, and 
pass  gradually  into  hyposulphites.  A  similar  change  is  speedily  sf* 
lected  by  the  action  of  sulphurous  acid.  Dilute  muriatic  and  sul- 
phuric acids  produce  in  them  a  deposition  of  sulphur,  and  evolutioQ 
of  sulphuretted  hydrogen  gas. 


SECTION  IV. 

HYDROGEyY  AXD  8ELEJ>riUM.^HYDR0SELEmC 

ACID, 

Selenium,  like  sulphur,  forms  a  gaseous  compound  with  hydrogen, 
which  has  distinct  acid  properties,  and  is  termed  #c/eiitiire£fe4iy- 
drogerit  or  hydroselenic  acid.  This  gas  is  disengaged  when  morfatie 
acid  is  added  to  a  concentrated  solution  of  any  hydroselenlate*  It 
may  also  be  procured  by  heating  the  seleniuret  of  iron  in  muriatic  add. 
By  decomposition  of  water,  oxide  of  iron  and  hydroselenic  add  aia 
generated  ;  and  while  the  former  unites  with  muriatic  add,  the  latter 
escapes  in  the  form  of  gas. 

Hydroselenic  acid  gas  la  coloudeu.    Its  odour  la  at  first  dnHar  to 
ibMi  of  euipburetted  hydiogeik  \  Vi\  W  aSuemaxdA  \o0AnUA  te  lotaC 
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mambiiBe  of  the  nose  powerfully,  excites  catarrhal  fymptomf ,  and  de- 
aboja  toi  aome  hours  the  seose  of  smelliog.  It  is  absorbed  freely  by 
ivafar^  lormiDg  a  colourless  solution,  which  reddeas  litmus  paper,  and 
fiief  a  browD  atain  to  the  skio.  The  acid  is  soon  decomposed  by  ex* 
poiufie  to  the  atmoaphere  ;  for  the  oxygen  of  the  air  unites  with  the 
oydrogeo  of  the  hydroseieoic  acid,  and  selenium,  in  the  form  of  a  red 
powder,  aabsides. 

AU  the  aalta  of  the  common  metals  are  decomposed  by  hydroselenic 
acid.  The  hydrogen  of  that  acid  combines  with  the  oxygen  of  the 
oxide,  and  aseleniuret  of  the  metal  is  generated. 

Hydroaeieoic  acid  gas  is  composed,  according  to  the  analysis  of 
BeneUiia,  of  one  equivalent  of  each  of  its  constituents. 


SECTION  V. 

COMPOZTJfDS  OF  HYDROGEJST  JLJ>rD  PHOSPHORUS. 

^  Of  all  the  compounds  to  which  chemists  have  directed  their  atten- 
tion, the  constitution  of  none  is  less  perfectly  understood  than  those 
which  form  the  subject  of  this  section.  It  has  been  usual  to  enu- 
merate two  compounds  of  hydrogen  and  phosphorus  under  the  names 
of  per  and  proto-phosphuretted  hydrogen,  the  former  being  thought 
to  contain  a  greater  proportional  quantity  of  phosphorus  than  the  lat- 
ter. For  the  sake  ot  distinction  I  shall  continue  to  apply  these  term's 
in  the  usual  manner ;  but  it  will  soon  appear,  that  the  propriety  of  the 
nomenclature  is  exceedingly  doubtful. 

PerphoBphuretted  Hydrogen.  The  gas,  to  which  this  name  is  ap- 
plied, was  discovered  in  the  year  1783  by  M.  Gengembre,  and  has 
since  been  particularly  examined  by  Mr  Dalton,  Dr  Thomson,  M.  Du- 
mas, and  Professor  H.  Rose.  It  may  be  prepared  in  several  ways. 
The  first  method  is  by  heating  phosphorus  in  a  strong  solution  of  pure 
potassa.  Hie  second  consists  in  heating  a  mixture  made  of  small 
pieces  of  phosphorus  and  recently  slaked  lime,  to  which  a  quantity  of 
water  Is  added  sufficient  to  give  it  the  consistence  of  thick  paste.  The 
third  method  is  by  the  action  of  dilute  muriatic  acid,  aided  by  mode- 
rate heat,  on  phosphuret  of  lime.  In  these  processes,  three  com- 
pounds of  phosphorus  are  generated ; — phosphoric  acid,  hypophospho- 
roDS  acid,  and  perphosphurefted  hydrogen — all  of  which  are  produced 
by  the  decomposition  of  water,  and  the  union  of  its  elements  with  sepa- 
rate portions  of  phosphorus.  The  last  method  appears  to  yield  the 
purest  gas. 

The  gas  obtained  by  either  of  these  processes  is  said  by  Mr  Dalton 
to  be  generally,  and  by  M.  Dumas  to  be  always,  mixed  with  variable 
proportions  of  hydrogen ;  but  Rose  denies  that  free  hydrogen  g;as  is 
•folved,  except  when  the  heat  is  so  great  as  to  decompose  the  hypo* 
phosphite,  a  temperature  which  is  never  attained  so  long  as  the  materi- 
als are  ipoist.  It  has  a  peculiar  odour,  resembling  that  of  garlic,  and  a 
bitter  taste.  Its  specific  gravity,  according  to  Dr  Thomson,  is  0.9027, 
aeeoiding  to  DaJton  l.I  nearly,  and  1.761  according  to  Dumas.  It 
does  not  support  flame  or  respiration. 

Recently  boiled  water,  according  to  Dalton,  absorbs  fully  one- 
eighth  of  its  bulk  of  this  gas,  most  of  which  is  again  ex^eUedb^  Vi^'^- 
iag  or  9g^tMtioa  wllb  oiber  gases ;  but  Dr  Thomsou  sUVea  iOimX  ^%\ri 
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takei  up  only  about  five  per  cent  of  its  volume.  The  aqoeoiit  lola- 
tioD  does  not  redden  litmus  paper,  nor  does  the  gu  itself  pofsen  any 
of  the  properties  of  acids.  The  gas  is  freely  and  completely  abaoibed 
by  a  solution  of  sulphate  of  copper  or  chloride  of  Hme,  by  wldeli 
means  its  purity  may  be  ascertained,  and  the  presence  of  hydrogen 
detected. 

The  most  remarkable  character  of  this  compound,  by  whieh  It  ii 
distinguished  from  all  other  gases,  is  the  spontaneous  combustioh 
which  it  undergoes  when  mixed  with  air  or  oxygen  gas.  If  the  bealc 
of  the  retort  from  which  it  issues  is  plunged  under  water,  ao  that  ific* 
eessive  bubbles  of  the  gas  may  arise  through  the  liquid,  e  very  Imiii- 
tiful  appearance  takes  place.  Each  bubble,  on  reaching  the  surto 
of  the  water,  bursts  into  flame,  and  forms  a  ring  of  dense  white  tmokt, 
which  enlarges  as  it  ascends,  and  retains  its  shape,  if  the  air  is  tiai- 
quil,  until  it  disappears.  If  received  in  a  vessel  of  oxygen  gas,  the 
entrance  of  each  bubble  is  instantly  followed  by  a  strong  concusioo, 
and  a  flash  of  white  light  of  extreme  intensity.  The  product  of  tlia 
combustion  in  both  cases  is  phosphoric  acid  and  water.  Mr  Dallao 
observed  that  it  may  be  mixed  with  pure  oxygen  in  a  tulie  of  thiea* 
tenths  of  an  inch  in  diameter  without  taking  nre  ;  but  the  miztoreds- 
tonates  when  an  electric  spark  is  transmitted  through  it. 

In  consequence  of  the  combustibility  of  phosphuretted  hydngen* 
it  would  be  hazardous  to  mix  it  in  any  quantity  with  air  or  oiypa 
gas  in  close  vessels.  For  the  same  reason  care  is  necessaiy  in  the 
formation  of  this  gas,  lest,  in  mixing  with  the  air  of  the  apparatus,  in 
explosion  ensue,  and  the  vessel  burst.  The  chance  of  such  an  acci- 
dent is  avoided,  when  phosphuret  of  lime  is  used,  by  filling  the  fink 
or  retort  entirely  with  dilute  acid  ;  and  in  either  of  the  other  proceiMS, 
by  causing  the  phosphuretted  hydrogen  to  be  formed  slowly  at  fiist,  io 
order  that  the  oxygen  gas  within  the  apparatus  may  be  graduallyeoo- 
sumed.  A  very  simple  method  of  averting  all  danger  has  been  htely 
mentioned  to  me  by  Mr  Graham.  It  consists  in  moistening  tlie  inte- 
rior of  the  retort  with  one  or  two  drops  of  ether,  the  vapour  of  which, 
when  mixed  with  atmospheric  air  even  in  small  proportion,  efifoctnaUy 
prevents  the  combustion  of  phosphuretted  hydrogen. 

Perphosphurctted  hydrogen  gas  is  resolved  into  its  element  by  ei- 
posure  to  strong  heat,  or  by  successive  sparks  of  electricity ;  and  when 
sulphur  is  volatilized  in  this  gas,,  the  phosphuretted  is  converted  into 
sulphuretted  hydrogen.  Dr  Thomson  states  that  the  pure  hydrogen 
in  the  former  case,  and  in  the  latter  the  sulphuretted  hydrogen,  retiin 
precisely  the  same  volume  as  the  gas  from  which  they  were  derifed. 
He  hence  infers  that  the  phosphuretted  hydrogen  contains  its  own 
volume  of  hydrogen  gas ;  but  this  fact  is  disputed  by  other  chamistii 
and  particularly  by  M.  Dumas,  who  finds  that  100  measures  of  the 
former  contain  150  of  the  latter.  (An.  de  Ch.  et  Phy.  xxxi.  ISS.) 
The  quantity  of  oxygen  required  to  effect  the  complete  combustion  m 
phosphuretted  hydrogen,  that  is,  to  convert  it  into  water  and  phi»- 
phoric  acid,  is  also  uncertain.  Dalton  and  Dumas  agree  in  the  ophi- 
ion  that  phosphuretted  hydrogen  requires  twice  its  volume  for  this 
purpose  ;  while  Dr  Tliomson  states  that  only  one  and  a  half  timtfite 
volume  are  requisite. 

When  perphosphurctted  hydrogen  is  allowed  to  stand  for  a  few  days 

over  water,  it  deposites  part  of  its  phosphorus  without  change  of  vol- 

ame,  and  ceases  to  be  spontaneously  combustible  when  mixed  with 

atmospheric  air.    According  to  Dr  Thomson  the  perphosphuretted  by- 

drogen  parts  with  l-4lh  of  \\b  pYiosv^oma  \»id«t  these  circumstances, 

MQB  peculiar  gas,  which  be  \MAcaSi«^  av^-plu>apKureU«&\«i|lx«l2eii> 
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ifl  genentsd ;  bat  M.  Dumas  maintains  that  l-8d  of  the  photpborus  is 
deposited,  ud  tbmt  the  new  gas  is  identical  with  protophoiphuretted 
hydrogen. 

Ferphospburetted  hydrogen,  according  to  Dr  Thomson,  is  composed 
of  1  part  of  hydrogen  to  12  of  phosphorus ;  the  proportion  as  stated 
by  RoM  is  as  1  to  10.52;  and  according  to  Dumas,  it  is  as  1  to  16.1. 
Such  resullSy  it  is  manifest,  prove  nothing  but  the  uncertainty  of  our 
cbemicAl  knowledge  relative  to  this  subject.  They  likewise  justify 
the  doubt  formeriy  expressed  of  the  constitution  of  phosphoric  and 
phofphoroua  acids,  as  stated  by  Dr  Thomson,  (page  187) ;  for  bis 
opinion  ie  founded  on  bis  experiments  on  perphosphuretted  hydrogen 
gas. 

Protopkoaphureiied  Hydrogen.    The  compound  hitherto  icnown 
by  tiiia  name  was  dieeovered  in  1812  by  Sir  H.  Davy.    It  is  a  colour* 
leas  gaa»  of  a  disagreeable  odour,  though  less  fetid  than  the  foregoing. 
Water  mbaorbe  about  one-eighth  of  its  volume.    It  does  not  take  fira 
ipontaneonsly  when  mixed  with  air  or  oxygen  gas  at  common  tem- 
peratures ;  but  the  mixture  detonates  with  the  electric  spark,  or  when 
heated  to  300°  F.    Admitted  into  a  vessel  of  chlorine,  it  inflames  in- 
stantly and  emits  a  white  light,  a  property  which  it  possesses  in  com- 
mon with  perphosphuretted  hydrogen.    Its  specific  gravity  is  esti- 
mated by  Dr  Thomson  at  0.9722 ;  but  M.  Dumas  found  it  to  be  1.214. 
Thia  gas  was  prepared  by  Sir  H.  Davy  by  exposing  to  heat  in  a  re- 
tort the  solid  hydrate  of  phosphorous  acid,  (page  189) ;   and  the 
aame  gaa  ia  evolved  by  treating  the  hydrous  hypophosphorous  aeid 
in  the  aame  manner.    It  is  also  formed,  according  to  Dumas,  by  the 
action  of  concentrated  muriatic  acid  on  pliosphuret  of  lime ;  and  like- 
wiae  by  the  spontaneous  decomposition  of  perphosphuretted  hydro* 
gea  B^« 

Dr  Thomaon  states  that  when  sulphur  is  heated  in  100  measures 
of  protopbospburetted  hydrogen  gas,  sulphuret  of  phosphorus,  and 
200  measures  of  sulphuretted  hydrogen  are  generated  ;  and  he  hence 
infers,  that  the  protopbospburetted  hydrogen  contains  twice  its  volume 
of  hydrogen  gas.  Dumas,  however,  declares  that,  like  perphosphu- 
retted hydrogen,  it  contains  one  and  a  half  times  its  volume  of  hydrogen. 
According  to  both  chemists  it  requires  twice  its  volume  of  oxygen  gas 
tot  conTcrting  its  elements  into  phosphoric  acid  and  water.  The  pro* 
portion  of  its  elements  is  said  by  Dr  Thomson  to  be  1  part  of  hydro- 
gen to  6  of  phosphorus ;  while  according  to  Dumas  the  ratio  is  as  1 
to  10.79. 

T^  uncertainty  existing  with  respect  to  the  composition  of  thia 
compoond,  has  been  much  increased  by  a  statement  made  by  Rose  in 
bii  ate  easay  on  the  combinations  of  phosphorus,  and  supported  by 
numerous  experiments.  (Poggendorn's  Annalen,  viii.  192).  He 
declares  that  the  gas  evolved  during  the  decomposition  of  hydrated 
phosphorous  acid  by  heat,  though  hitherto  regarded  as  protopbospbu- 
retted hydrogen,  contains  a  larger  proportional  quantity  of  phosphorus 
than  the  perphosphuretted  hydrogen.  One  specimen  was  composed 
of  1  part  of  hydrogen  to  21  of  phosphorus;  but  the  constitution  of 
the  gat  Is  variable,  according  as  the  heat  is  applied  slowly  or  rapidly. 
A  siaaHar  compound  is  form^,  according  to  Rose,  during  the  deeom« 
portion  by  beat  of  hypophosphorous  acid. 
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SECTION  VI. 

COMPOUJSTDS  OF  JSTITROGEJ^  JU^TD   CARBOIf. 

Bicarburet  of  Nitrogen^  or  Cyanogen  Oa$. 

Cyanogen  gas,  the  discovery  of  which  was  made  in  1816  by  M.  Gvh 
Luaaac,  (Annales  de  Chimie,  vol.  xcv.)  is  prepared  by  heating  tia 
cyanuret  of  mercury,  carefully  dried,  in  a  small  glass  retort,  by  mem 
of  a  spirit  lamp.  This  cyanuret,  which,  on  the  supposition  of  its  bring 
a  compound  of  the  oxide  of  mercury  and  prussie  acid,  was  foimedy 
called  prussiate  of  mercury,  is  in  reality  composed  of  metallic  lDe^ 
cury  and  cyanogen.  On  exposing  it  to  a  low  red  heat,  it  is  resdved 
into  its  elements.  The  cyanogen  passes  over  in  the  fonn  of  ns,  aid 
the  metallic  mercury  is  sublimed.  The  retort,  at  the  close  of  tne  pro- 
cess, contains  a  small  residue  of  charcoal,  derived  from  the  cyanogn 
Itself,  a  portion  of  which  is  decomposed  by  the  temperature  empk^ 
in  its  formation ;  but  Gay-Lussac  states  that  no  free  nitrogen  is  da- 
encaged  till  towards  the  close  of  (he  process. 

Cyanogen  gas  is  colourless,  and  has  a  strong  pungent  and  ¥ny  pe- 
culiar odour.  At  the  temperature  of  45'  F.  and  under  a  presauie  of 
S.6  atmospheres,  it  is  a  limpid  liquid,  which  resumes  the  gaaeooa  fonn 
when  the  pressure  is  removed.  It  extinguishes  burning  bodies;  bat 
it  is  inflammable,  and  burns  with  a  beautiful  and  characteristic  porpla 
flame.  It  can  support  a  strong  heat  without  decomposition.  WatSTi 
at  the  temperature  of  60°  F,  absorbs  4.5  times,  and  alcohol  28  times 
its  volume  of  the  gas.  The  aqueous  solution  reddens  litmus  pf^i 
but  this  effect  is  not  to  be  ascribed  to  the  gas  itself,  but  to  the  pia- 
sence  of  acids  which  are  generated  by  the  mutual  decompositioii  of 
cyanogen  and  water*. 

The  composition  of  cyanogen  may  be  determined  by  mixing  that 
gas  with  a  due  proportion  of  oxygen,  and  inflaming  the  mixture  by 
electricity.  Gay-Lussac  ascertained  in  this  way  that  100  measuiM  of 
Cjranogen  require  200  of  oxygen  for  complete  combustion,  that  no 
water  is  formed,  and  that  the  products  are  200  measures  of  caibonie 
acid  gas  and  100  of  nitrogen.  Hence  it  follows  that  cyanogen  con- 
tains its  own  bullc  of  nitrogen,  and  twice  its  volume  of  the  vapoar  of 
carbon.    Consequently,  since 

100  cubic  inches  of  nitrogen  gas  weigh  .  .  29.6U 

200  the  vapour  of  carbon  weigh  •  25.418 

100  cubic  inches  of  cyanogen  gas  must  weigh  .  66.070 

And  it  consists  by  weight  of 

Nitrogen  .  29.652        .        14  .        one  equifaloBt 

Carbon  .  25.418        .        12  two  equivalenti. 

The  specific  gravity  of  a  gas  so  constituted  is  1.8054;  whereu  Oay- 
Lussac  found  it,  by  weighing,  to  be  1.8064. 
Cyanogen,  from  this  view  of  its  composition,  is  a  biearburei  of  Hi- 


*  Vsuquelin,  in  the  Anna\ea  de  CVi.  «\.  d«  ?Vl.nqI.  ix.  \  or  Annali  of 
PbUoBophy,  vol.  xili. 
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m;  bat  for  Che  take  of  convenience  I  shall  employ  the  term 
ogen^  proposed  by  its  discoverer*.  All  the  compounds  of  cyano- 
iHiich  are  not  acid,  are  called  eyanureU  or  eyanide$, 
anogen,  though  a  compound  body,  has  a  remarkable  tendency  to 
ine  with  elementary  substances.  Thus  it  is  capable  of  uniting 
the  simple  non-metallic  bodies,  and  evincing  a  strong  attraction 
etals.  When  potassium,  for  instance,  is  heated  in  cyanogen  gas* 
an  energetic  action  ensues,  that  the  metal  becomes  incandescent, 
.  eyanuret  of  potassium  is  generated.  The  afiSnity  of  cyanogen 
letallic  oiides,  on  the  contrary,  is  comparatively  feeble.  It  en- 
Die  direct  combination  with  a  few  alkaline  bases  only,  and  these 
'ounds  are  by  no  means  permanent.  From  these  remarks  it  ia 
«Dt  that  cyanogen  has  no  claim  to  be  regarded  as  an  acid. 

Hydrocyanic  or  Prussic  Acid. 

onlc  add  was  discovered  in  the  year  1782  by  Scheele,  and  Ber- 
st  afterwards  ascertained  that  it  contams  carbon,  nitrogen,  and 
igen ;  but  Oay-Lussac  first  procured  it  in  a  pure  state,  and  by  the 
irery  of  cyanogen  was  enabled  to  determine  its  real  nature.  The 
ince  prepared  by  Scheele  was  merely  a  solution  of  prussic  acid 
ter. 

re  hydrocyanic  or  prussic  acid  may  be  prepared  by  heating  cytnn- 
'  mercury  in  a  glass  retort  with  two-thirds  of  its  weight  of  con- 
ated  muriatic  acid.  By  an  interchange  of  elements  similar  to 
which  was  explained  in  the  first  process  for  forming  sulphuretted 
>gen  (P-  248),  the  cyanogen  of  the  eyanuret  unites  with  the  hy- 
in  either  of  water  or  muriatic  acid,  forming  hydrocyanic  acid ; 
I  m  aolution  of  corrosive  sublimate  remains  in  the  retort.  The 
ar  of  hydrocyanic  acid,  as  it  rises,  is  mixed  with  moisture  and 
atie  acid.  It  is  separated  from  the  latter  by  being  conducted 
igh  a  narrow  tube  over  fragments  of  marble,  with  the  lime  of 
h  the  muriatic  acid  unites.  It  is  next  dried  by  means  of  the  chio* 
of  calcium,  and  is  subsequently  collected  in  a  tube  surrounded 
ice  or  snow. 

uquelin  proposes  the  following  process  as  affording  a  more  abun- 
product  than  the  preceding.  It  consists  in  filling  a  narrow  tube, 
>d  horizontally,  with  fragments  of  the  eyanuret  of  mercury,  and 
ng  a  current  of  sulphuretted  hydrogen  gas  to  pass  slowly  along  it. 
Instant  that  gas  comes  in  contact  with  the  eyanuret,  double  de- 
Msition  ensues,  and  hydrocyanic  acid  and  a  black  sulphuret  of 
lUrv  are  generated.  The  progress  of  the  sulphuretted  hydrogen 
\  the  tube  may  be  distinctly  traced  by  the  change  of  colour,  and 
isperiment  may  be  closed  as  soon  as  the  whole  of  the  eyanuret 
become  black.  It  then  only  remains  to  expel  the  hydrocyanic 
by  a  gentle  heat,  and  collect  it  in  a  cool  receiver.  This  process 
sgant,  easy  of  execution,  and  productive. 

ire  hydrocyanic  acid  is  a  limpid  colourless  fluid,  of  a  strong  odour, 
lar  to  that  of  peach-blossoms.  It  excites  at  first  a  sensation  of 
ness  on  the  tongue,  which  is  soon  followed  by  beat ;  but  when 
ed,  it  has  the  flavour  of  bitter  almonds.  Its  specific  gravity  at 
P.  is  0.7068.  It  is  so  exceedingly  volatile,  that  its  vapour  during 
n  weather  may  be  collected  over  mercury.    Its  point  of  ebullition 

From  %6m99f,'blue,  and  ^§f  ram,  I  generate;  becauae\\.\&%sk«ii«Ck- 
Utgredient  ofPruMsiaa  blue. 
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•  79^  F»  and  at  z«ro  it  congeab.  When  a  drop  of  It  la  pUcad  « t 
piece  of  glass,  it  becomes  solid ;  because  the  cold  piodiiced  by  thi 
evaporation  of  one  portion  is  so  great  as  to  fiecM  the  remaiiider.  It 
unites  with  water  and  alcohol  in  every  proportion. 

Pore  hydrocyanic  acid  is  a  powerful  poison,  produdog  in  poisowMi 
doses  insensibility  and  convulsions,  which  are  speedily  followed  by 
death.  A  single  drop  of  it  placed  on  the  tongue  of  a  dog  cauaei  dm 
In  the  course  of  a  very  few  seconds ;  and  small  animala ,  when  confiMd 
in  its  vapour,  are  rapidly  destroyed.  On  inspiring  the  Tipour,  diotod 
with  atmospheric  air,  headach  and  giddiness  supervene ;  and  tot  Ail 
reason  the  pure  acid  should  not  be  made  in  elose  apartments  dodig 
warm  weather.  The  distilled  water  from  the  leaves  of  the  Prmm 
lawo'Cerastis  owes  its  poisonous  quality  to  the  presence  of  this  adi 
Its  effects  aie  best  counteriicted  by  diffusible  stimulants,  and  of  sucK 
remedies,  solution  of  ammonia  appears  to  be  the  most  beneficial. 

Pure  hydrocyanic  acid,  even  when  deluded  from  air  and  moistORt 
is  very  liable  to  spontaneous  changes,  owing  to  the  tendency  of  III 
elements  to  form  new  combinations.  These  changes  sometlBiei  com* 
mence  within  an  hour  after  the  acid  is  made,  and  it  can  rarely  be  pi^ 
served  for  more  than  two  weeks.  The  commencement  of  deconps* 
sition  is  marked  by  the  liquid  acquiring  a  mldish-brown  tinge.  Thi 
colour  then  gradually  deepens,  a  matter  like  charcoal  aubaldai,  isd 
ammonia  is  generated.  On  analyzing  the  black  matter,  it  was  fbuad 
to  contain  carbon  and  nitrogen.  The  acid  may  be  preserved  for  t 
longer  period  if  diluted  with  water,  but  even  then  it  undergoes  gndwl 
decomposition. 

Hydrocyanic  acid  reddens  litmus  paper  feebly,  and  unites  with  most 
alkaline  base;),  forming  salts  which  are  termed  prustiaUi  or  kjfdn- 
cyanates.  It  is  a  weak  acid  ;  for  it  does  not  decompose  the  carbon- 
ates, and  no  quantity  of  it  can  destroy  the  alkaline  reaction  of  potiM. 
Its  salts  are  poisonous  ;  they  are  all  decomposed  by  carbonic  acid,  and 
have  the  odour  of  hydrocyanic  acid,  a  character  by  which  the  bydfO- 
cyanatcs  may  easily  be  recognised. 

Hydrocyanic  acid  is  resolved  by  galvanism  into  hydrogen  and  ep 
anogen,  the  former  of  which  appears  at  the  negative,  and  the  Utter  it 
the  positive  pole.  When  its  vapour  is  conducted  through  a  i^hot 
porcelain  tube,  partial  decomposition  ensues.  Charcoal  is  depoflted, 
and  nitrogen,  hydrogen,  and  cyanogen  gases  are  set  at  liberty;  iMt 
the  greater  part  of  the  acid  passes  over  unchanged.  Eleetrici^  pn- 
duces  a  similar  effect.  The  vapour  of  hydrocyanic  acid  takes  fifs  on 
the  approach  of  flame ;  and  with  oxygen  gas  it  forms  a  raiitnra  whieb 
detonates  with  the  electric  spark.  The  products  of  the  eomboitioB 
are  nitrogen,  water,  and  carbonic  acid. 

The  composition  of  hydrocyanic  acid  is  shown  by  the  foltovias 
simple  but  decisive  experiment  of.Gay-Lussac.  If  a  quantity  of  poli^ 
slum,  precisely  sufficient  for  absorbing  50  measures  of  pure  cyanogM 
gas,  is  heated  in  100  measures  of  hydrocyanic  acid  vapour,  the  ejaa* 
uret  of  potassium  is  generated,  a  diminution  of  60  measures  takes  place, 
and  the  residue  is  pure  hydrogen.  From  this  it  appears,  that  hydia- 
cyanic  acid  vapour  is  composed  of  equal  volumes  of  cyanogen  asd 
hydrogen,  united  without  any  condensation;  and,  consequent^, thaie 
two  gases  combine,  by  weight,  according  to  the  ratio  of  their  deori" 
ties.  The  composition  of  hydrocyanic  acid  may,  therefore,  be  thot 
stated : 
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By  Volume,  By  Weight, 

tnoffin  60        .  1.8054        26,  one  equivalent, 

dfogeo  60        .        .        0.0694  1,  one  equivalent. 

100  acid  vapour. 
itomic  weight  of  hydrocyanic  acid  is  27.    The  specific  gravity 
vapour  is,  of  course,  intermediate  between  that  of  its  constitu- 
or  0.9374:  as  determined  directly  by  Gay-Lussac,  its  density  is 
6. 

>ni  the  powerful  action  of  hydrocyanic  acid  on  the  animal  eco- 
r,  this  substance,  in  a  diluted  form,  is  sometimes  employed  in 
caJ  practice  to  diminish  pain  and  nervous  irritability.  It  may  be 
ured  of  any  given  strength  by  dissolving  cyanuret  bX  mercury  in 
',  and  transmittioe  a  current  of  sulphuretted  hydrogen  gas  through 
)lution  till  the  whole  of  the  cyanuret  is  decomposed.  The  de- 
lOsitioD  is  known  to  be  complete  by  the  filtered  liquid  remaining 
irlesB  and  transparent,  when  mixed  with  a  solution  of  sulphuret- 
ydrogen;  for  should  any  undecomposed  cyanuret  of  mercury  be 
nt,  a  black  precipitate,  which  is  a  sulphuret  of  mercury,  will  be 
id.  This  test  of  the  complete  decomposition  of  the  cyanuret  of 
ary  should  never  be  neglected.  The  excess  of  sulphuretted 
»gen  18  removed  by  agitation  with  carbonate  of  lead,  and  the  hy- 
moic  acid  is  then  separated  from  the  insoluble  matter  by  filtra- 
The  process  adopted  at  Apothecaries'  Hall  in  London,  is  to 
D  a  retort  one  part  of  the  cyanuret  of  mercury,  one  part  of  muriatic 
of  specific  gravity  1.15,  and  six  parts  of  water;  and  to  distil  the 
ire  until  a  quantity  of  acid,  equal  to  that  of  the  water  employed, 
lected.  The  product  has  a  density  of  0.995.  (Brando's  Manual 
lemistry,  vol.  i.)  In  this  process,  a  little  muriatic  acid  is  apt  to 
over  into  the  recipient,  and  render  the  product  impure.  Its 
nee,  in  a  medical  point  of  view,  cannot  be  very  material ;  but  it 
be  separated  by  mixing  the  impure  acid  with  a  little  chalk,  and 
ling  to  dryness.  The  muriatic  acid  unites  with  lime,  and  is  re- 
d  in  the  retort,  where  it  may  be  detected  by  its  appropriate  test. 
atic  when  mixed  with  hydrocyanic  acid  cannot  be  detected  by 
e  of  silver;  because  cyanuret  of  silver  is  very  similar  to  the 
ide,  both  in  its  appearance  and  in  several  of  its  leading  proper- 

e  quality  of  dilute  hydrocyanic  acid,  however  prepared,  is' very 
ble,  owing  to  the  volatility  of  the  acid,  and  its  tendency  to  spon- 
1118  decomposition.  On  this  account,  it  should  be  made  only  in 
I  quantities  at  a  time,  kept  in  well-stopped  bottles,  and  excluded 

light.  The  best  way  of  estimating  the  strength  of  any  solution 
It  proposed  by  Dr  Ure.  To  100  grains,  or  any  other  convenient 
tity  of  the  acid,  contained  in  a  phial,  small  quantities  of  the 
dde  of  mercury  in  fine  powder  are  successively  added,  till  it 
Bs  to  be  dissolved.  The  weight  of  the  peroxide  which  is  dissolv- 
livided  by  four,  gives  the  quantity  of  real  hydrocyanic  acid  pre- 
.  (Quarterly  Journal,  vol.  xiii.) 

ie  presence  of  free  hydrocyanic  acid  is  easily  recognised  by  its 
ir.  Chemically  it  may  be  detected  by  agitating  the  fluid  suppos- 
lo  contain  it  with  the  peroxide  of  mercury  in  fine  powder. 
ble  decomposition  ensues,  by  which  water  and  the  cyanuret  of 
cury  are  generated  ;  and  on  evaporating  the  solution  slowly,  the 
ir  is  obtained  in  the  form  of  crystals. 

test  of  far  greater  delicacy,  originally  noticed  by  ScYvec\«,  \%  ^^ 
iwioff.    To  the  liquid  supposed  to  coDtain  hydroc^^me  ^cX^^  ^^^ 
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u>   2r-jnr*'aiuc  ii=u  »  «uiiiiH:abBf 
Aci»^   ur  nr3u>4  ii^'«   :«  riilmi  zo.  r?  icaxil  for  it 
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sei..i-.   9-  ::t;  i..'i.'«-i:x      ?*:«  *a:imt&  er  oslMr  sal 
aD.::t:«  i:*!  :*;:   uiu  <<nail  :'i«c-nHrx'».  mi  anJioduced 
v.:u  r.ih*     nd  ]u::"irf  :icix24^  fiUri^^  aeiisUied  wr 
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ms«at-*i  II  juipiiri-iuc  tc.*i  n  3tf  ^rrfc^V^^  BMler, 
nuu  .ini^vi   nmiiXuaHtx.      TTiiMie  f«fflcJCBca  Ibnad, 
&ii<*  M  nil*   ut'.mriM  ^vi   ir  -jtr««  iort  after  destl 
oiui>r-  TtffTuix.     rbii  i:&a  ic«inaes  ix  dbs  icid  appct 
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Cyamie  .irid. 

.'^MtmKs  vs  fesi^nstiirctf  w.dk  m  icid  compoond 
rs^inm .  ma  x  ii  ^uimull:!*,  rkskS.  tbootjtt  ihe  propei 
41TI  luiiit  difirwir.  amr  chmmbsis  icrOTdiiir  to  the 
MMHRHk  iRi  UU3M  II  'ae  iUB«  p.jpQctJon.  That  tw< 
iuoiHaixi^»  iia«  M  mnp«M«ii  j{  the  nse  elemeots 
iwnir  ni:u.  »  \  ikcc  «{iic^  mi  luni^  be  question 
Sue  fuicv  «sjai?itt»  jf  c^  k»d  arc  as  yet  exceedin] 
nucMr.  3icdini  ainvCB^  chof  smilantr  of  conposiri 
iwriaof.  *4  wsfriest:  ;«r  *Qic*<ct  till  the  analysis  < 
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I  folutioD  of  green  ^triol,  throw  down  the  protoxide  of  iron  by  a  ifislil 
exceu  of  pure  potassa,  and  after  exposure  to  the  air  for  four  or  fifC 
iDiDUtes,  acidulate  with  muriatic  or  sulphuric  acid,  so  as  to  redisMlfC 
the  precipitate.  Prussian  blue  will  then  make  its  appearance,  if  pras- 
slc  acid  had  been  originally  present.  The  nature  of  the  chemical 
change  will  be  explained  in  the  section  on  the  salts  of  ferrocyanicadd, 
when  dcsciibiDg  the  manufacture  of  Prussian  blue.  M.  LaasaigDSi 
who  has  written  an  essay  on  the  tests  of  this  acid,  (An.  de  C£  el 
Ph.  xxvii.  200,)  speaks  of  the  ^persulphate  as  the  proper  reagent  fei 
this  experiment ;  but  according  to  my  observation,  the  presence  of  IIm 
protoxide  is  essential  to  its  success.  If  the  iron  is  strictly  at  its  maii* 
mum  of  oxidation,  Prussian  blue  will  not  be  formed  at  all,  as  wii 
proved  long  ago  by  Scheele  and  Proust. 

As  hydrocyanic  acid  is  sometimes  administered  with  eriminal  cl^• 
signs,  the  chemist  may  be  called  on  to  search  for  its  presence  in  Iks 
stomach  after  death.  This  subject  has  been  investigated  experimenting 
by  MM.  Leuret  and  Lassaigne,  and  the  process  they  have  reeon- 
mended  is  the  following.  The  stomach  or  other  substances  to  be  ex- 
amined are  cut  into  small  fragments,  and  introduced  into  a  retort  aloK 
with  water,  the  mixture  being  slightly  acidulated  with  sulphuric  acid. 
The  distillation  is  then  conducted  at  a  temperature  of  212"  F,  lbs 
volatile  products  collected  in  a  receiver  surrounded  with  ice,  and  lbs 
presence  of  hydrocyanic  acid  in  the  distilled  matter,  tested  by  thene- 
thod  above  mentioned.  These  gentlemen  found,  that  praieic  icU 
may  be  thus  detected  two  or  three  days  after  death ;  but  not  after  a 
longer  period.  The  disappearance  of  the  acid  appears  owing  partly  to 
its  volatility,  and  partly  to  the  facility  with  which  it  undergoes  spon- 
taneous decomposition.  (Journal  de  Chimie  Medicale,  &c.  xii.  p. 
561.) 

Cyanic  Add, 

Chemists  are  acquainted  with  two  acid  compounds  of  cyanogen  and 
oxygen ;  and  it  is  remarkable,  that  though  the  properties  of  these  acidi 
are  quite  different,  their  elements,  according  to  the  best  analyses  we 
possess,  are  united  in  the  same  proportion.  That  two  or  more  difierent 
substances  may  be  composed  of  the  same  elements  combined  in  the 
same  ratio,  is  a  fact  which  can  hardly  be  questioned.  (Page  2S9.) 
But  since  examples  of  the  kind  are  as  yet  exceedingly  rare,  it  will  be 
proper,  before  admittii^  this  similarity  of  composition  in  the  present 
instance,  to  suspend  our  judgment  till  the  analysis  of  the  two  cyinle 
acids  shall  have  been  repeated  and  confirmed  by  other  chemists.  In 
the  mean  time,  however,  I  shall  describe  each  under  the  term  of 
cyanic  acid. 

Cyanic  add  of  M.  Wohler.  It  was  stated  by  Gay-Lussac  in  the 
essay  already  quoted,  that  cyanogen  gas  is  freely  absorbld  by  pan 
alkaline  solutions ;  and  he  expressed  tlie  opinion  that  the  alkali  cob- 
bines  directly  with  the  cyanogen.  It  appears,  however,  from  the  ex- 
periments of  M.  Wohler,  that,  by  decomposition  of  water,  hydrocyanic 
and  cyanic  acids  are  formed  under  these  circumstances ;  and,  conie- 
quently,  that  alkaline  solutions  act  upon  cyanogen  in  the  same  man- 
ner as  on  chlorine,  iodine,  bromine,  and  sulphur.  But  the  salts  of 
cyanic  acid  cannot  conveniently  be  procured  in  this  way,  owing  la 
the  difficulty  of  separating  the  cyanate  from  the  hydrocyanate  with 
which  it  is  accompanied.  M.  Wohler  finds  that  the  cyanate  of  pota«a 
may  be  procured  in  \ar|^e  qnaiiVkV^  b^  mixing  ferrocyanate  of  pota«i 
witn  an  equal  weight  oC  ^ioi\de  ol  mvii^iAMVxi^iM^^viidar^  and 
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expouDg  the  mixture  to  a  low  red  beat.  The  cyanogen  of  the  ferro- 
cyanie  acid  receives  oxygen  from  the  manganese,  and  is  converted 
into  mnle  acid,  which  unites  with  the  potassa.  The  ignited  mass  is 
then  boiled  in  alcohol  of  86  per  cent;  and  as  the  solution  cools,  the 
cyanate  is  deposited  in  small  tabular  crystals  like  chlorate  of  potassa. 
Tb%  only  precaution  necessary  in  this  process  is  to  avoid  too  high  a 
temperature. 

Cyanic  acid  is  characterized  by  the  facility  with  which  it  is  resoWed 
by  water  into  carbonic  acid  and  ammonia.  This  change  is  effected 
merely  by  boiling  an  aqueous  solution  of  cyannte  of  potassa;  and  it 
takes  place  still  more  rapidly  when  an  attempt  is  made  to  decompose 
the  cyanate  by  means  of  another  acid.  If  the  acid  is  diluted,  cyanic 
acid  is  instantly  decomposed,  and  carbonic  acid  escapes  with  effer- 
vescence. But,  on  the  contrary,  if  a  concentrated  acid  is  employed, 
then  the  cyanic  acid  resists  decomposition  for  a  short  time,  and  emits 
a  strong  odour  of  vioegar.  Accordine  to  M.  Licbig,  the  acid  may  be 
obtained  in  a  free  state  by  transmitting  sulphuretted  hydrocfen  gas 
through  water,  in  which  cyanate  of  silver  is  suspended ;  but  the  ope- 
ration should  be  discontinued  before  all  the  cyanate  is  decomposed, 
since  otherwise  the  free  sulphuretted  hydrogen  would  react  on  the 
cyanic  acid,  and  effect  its  decomposition.  The  acid  thus  formed  is 
permanent  only  for  a  few  hours.  (An.  de  Ch.  et  de  Ph.  xsxiii.  207.) 
Cyanic  acid  forms  a  soluble  salt  with  baryta,  but  insoluble  ones  with 
the  oxides  of  lead,  mercury,  and  sjlver.  If  the  cyanate  of  potassa  is 
qnite  pure,  it  gives  a  white  precipitate  with  nitrate  of  silver,  and  the 
cyanate  of  silver  so  formed  dissolves  without  residue  in  dilute  nitric  acid. 
Cyanic  acid,  according  to  the  analysis  of  M.  Wohler,  is  composed 
of  26  parts  or  one  equivalent  of  cyanogen,  and  8  parts  or  one  equiva- 
lent of  oxygen.  (Annales  de  Chiraie  et  de  Physique,  vol.  xx.  and 
ixvii.)  M.  Liebig  attempted  to  prove  that  cyanic  acid  consists  of 
one  equivalent  of  cyanogen  and  half  an  equivalent  of  oxygen ;  and 
contended  that  it  should  be  called  cyanous  acid;  but  M.  Wohler  has 
repeated  his  own  analysis,  and  confirmed  his  former  result.  Its  accu- 
rtcy  has  since  been  admitted  by  M .  Liebig,  who  was  led  into  error  by 
the  employment  of  impure  materials. 

The  existence  of  cyanic  acid  was  suspected  by  M.  Vauquelin  bc- 
fbfe  It  was  actually  discovered  by  Wohler.  The  experiments  of  the 
former  chemist  led  him  to  the  opinion  that  a  solution  of  cyanogen  in 
irater  is  gradually  converted  into  hydrocyanic,  cyanic,  and  carbonic 
teids,  and  ammonia ;  and  he  supposed  alkalies  to  produce  a  similar 
change.  He  did  not  establish  the  fact,  however,  in  a  satisfactory 
manner.     (An.  de  Ch.  et  de  Ph.  vol.  ix.) 

Cyanic  acid  of  M.  Liebig.  A  powerfully  detonating  compound  of 
mercury  was  described  in  the  Philosophical  Transactions  for  1800  by 
Iff  £.  Howard.  It  is  prepared  by  dissolving  100  grains  of  mercuiy 
Uk  %  measured  ounce  and  a  half  of  nitric  acid  of  specific  gravity  1.3 ; 
%nd  adding,  when  the  solution  has  become  cold,  two  ounces  by  mea- 
eare  of  alcohol,  the  density  of  which  is  0.849.  The  mixture  is  then 
beated  till  a  moderately  brisk  effervescence  takes  place,  during  which- 
the  fulminating  compound  is  generated.  A  similar  substance  may  be 
made  by  treating  silver  in  the  same  manner.  The  conditions  ncces- 
■ary  for  forming  these  compounds  are,  that  the  silver  or  mercury  be 
dissolved  in  a  fluid  which  contains  so  much  free  nitric  acid  and  alco- 
hol, that  on  the  application  of  heat,  nitric  ether  shall  be  freely  dis- 
engaged. 

Fulminating  silver  and  mercury  bear  the  heat  of  212'*  or  ev^i\*l^^''  Y  . 
without  detooafio^;  but  a  higher  temperature,  or  sUg\il  yvitcus^Cwiu  N^^- 
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tn-een  two  hard  bodies,  causes  them  to  eiplode  with  TioleDce.  The 
nature  of  these  compounds  was  discovered  in  1828  by  M.  Liebk*, 
who  demonstrated  that  they  are  salts  composed  of  a  peculiar  add, 
which  ho  termed  fulminie  aeidf  in  combination  with  the  oxide  of 
mercury  or  silver.  According  to  an  analysis  of  fulminating  stiver  made 
l>y  M^I.  Licbig  and  Gay-Lussacf,  the  acid  of  the  salt  is  composed  of 
26  parts  or  one  proportional  of  cyanogen,  and  8  parts  or  one  propo^ 
tional  of  oxygen.  It  is  therefore  a  real  cyanic  atnd,  and  its  salts  nij 
with  propriety  be  termed  cyanates.  The  fulminating  silver  is  a  cyu- 
ate  of  the  oxide  of  silver;  and  is  found  to  contain  one  proportioiiiil of 
each  element. 

It  is  remaikable  that  the  oxide  of  silver  cannot  be  entirely  sepanted 
from  cyanic  acid  by  means  of  an  alkali.  On  digesting  cyanate  of  sil- 
ver in  potassa,  for  example,  one  equivalent  of  the  oxide  of  silver  ii 
ficpaiuted,  and  a  double  cyanate  is  formed,  which  consists  of  two  equi- 
vdlouis  of  cyanic  acid,  one  equivalent  of  the  oxide  of  silver,  and  one 
equivalent  of  potassa.  Similar  compounds  may  be  procured  by  sob- 
stiluting  other  alkaline  substances,  such  as  baryta,  lime,  or  magnen, 
for  the  potassa.  These  double  cy.^nates  are  capable  of  crystaUiang; 
and  they  all  possess  detonating  properties. 

From  the  presence  of  the  oxide  of  silver  in  the  double  cyanifeef, 
it  was  at  first  imagined  that  this  oxide  actually  constitutes  a  part  of 
the  acid ;  but  since  several  other  substances,  such  as  the  ondes  of 
mercury,  zinc,  and  copper,  may  bo  substituted  for  that  of  silver,  this 
view  can  no  longer  be  admitted. 

Cyanic  acid  has  not  lii(her(o  been  obtained  in  an  insulated  form ;     , 
for  whijc  some  acids  do  not  decompose  the  cyanates,  others  act  on    j 
the  cyanic  acid  itself,  and  give  rise  to  new  products.    Muriatic  acid,     1 
for  example,  causes  the  formation  of  hydrocyanic  acid,'andanewaeid 
conUhiing  clilorinc,  carbon,  and  nilrogen,  the  nature  of  which  tias  not 
been  dclcrinincd.     Hydriodic  acid  acts  in  a  similar  manner;  and  a 
peculiar  acid  is  likewise  produced  by  the  action  of  sulphuretted  hy- 
drogen.    Fiom  subsequent  researches,  M.  Liebig  suspects  that  tUs 
acid  is  coniposcd  of  sulphur,  cyanogen,  and  oxygen,  in  the  ratio  of 
two  equivalents  of  the  first  substance,  one  of  the  second,  and  one  of 
the  third  ;  but  the  accuracy  of  this  view  has  not  been  demonstrated  In 
a  conclusive  manner. 

Cyanuret  of  Chlorine. 

The  existence  of  this  compound*  was  first  noticed  by  Berthollet, 
who  named  it  oxy-prusaic  acid,  on  the  supposition  of  its  contunlog 
prussic  acid  and  oxygen  ;  and  it  was  afterwards  descril>ed  by  Gay- 
Lussac,  in  his  essay  on  cyanogen,  under  the  appellation  of  ehloroejf' 
aiiic  acid.  It  was  procured  by  this  chemist  by  transmitting  chloiiM 
gas  into  an  aqueous  solution  of  hydrocyanic  acid  until  the  liquid  le- 
quired  bleaching  properties,  removing  the  excess  of  chlorine  by  aii- 
tation  with  mercury,  and  then  heating  the  mixture,  so  as  toexpelms 
gaseous  cyanuret  of  chlorine.  The  chemical  changes  which  take 
place  during  this  process  are  complicated.  At  first  the  elemeotiof 
hydrocyanic  acid  unite  with  separate  portions  of  chlorine,  and  ^*0 
lise  to  muriatic  acid  and  cyanuret  of  chlorine ;  and  when  beat  is  ap-  . 
plied,  the  elements  of  the  cyanuret  and  water  react  on  each  other,  in 
consequence  of  which  muriatic  acid,  ammonia  and  carbonic  add  are 
1— 

*  An.  de  Ch.  el  de  PVi.  nq\.  iwlvj,  -^  Ibid.  kv. 
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generated.  Owioe  to  this  circumstaoce,  the  cyaDuret  of  chlorine  was 
always  mixed  with  carbonic  acid,  and  its  properties  imperfectly  uu- 
dentood. 

During  the  course  of  last  year,  M.  SeruIIas  succeeded',  in  procuring 
t  bis  compound  in  a  pure  state,  by  exposing  cyanuret  of  mercury,  in 
powder  and  moistened  with  water,  to  the  action  of  chlorine  gas  con- 
tained in  a  well  stopped  phial.    The  vessel  is  kept  in  a  dark  place  ; 
and  after  ten  or  twelve  hours  the  colour  of  the  chlorine  is  no  longer 
perceptible,  bichloride  of  mercury  is  found  at  the  bottom  of  the  phial, 
and  its  space  is  filled  with  the  vapour  of  cyanuret  of  chlorine.    The 
bottle  is  then  cooled  down  to  zero  by  freezing  mixtures  of  snow  and 
salt,  at  which  temperature  the  cyanuret  of  chlorine  is  solid.     Some 
chloride  of  calcium  is  then  introduced,  the  stopper  replaced,  and  the 
bottle  kept  in  a  moderately  warm  situation,  in  order  that  the  moisture 
within  may  be  completely  absorbed.    The  cyanuret  of  chlorine  is 
then  again  solidified  by  cold,  the  phial  completely  filled  with  dry  and 
cold  mercury,  and  a  bent  tube  adapted  to  its  aperture  by  means  of  a 
cork.     The  solid  cyanuret  of  chlorine,  which  remains  adhering  to  the 
inner  surface  of  the  phial,  is  converted  into  gas  by  gentle  heat,  and 
passing  along  the  tube,  is  collected  over  mercury.    iBxposure  to  the 
direct  solar  rays  interferes  with  the  success  of  this  process.    Muriate 
of  ammonia,  together  with  a  little  carbonic  acid,  is  then  generated, 
tod  a  yellow  liquid  collects,  which  appears  to  be  a  mixture  of  chloride 
of  carbon  and  chloride  of  nitrogen.     (An.  de  Ch.  et  Ph.  xxxv.  291.) 

The  cyanuret  of  chlorine  is  solid  at  zero  of  Fahrenheit's  thermome- 
ter, and  in  congealing  crystallizes  in  very  long  slender  needles.  At 
temperatures  between  5°  F.  and  10.6°,  it  is  liquid,  and  also  at  6S°  un- 
der a  pressure  of  four  atmospheres;  but  at  the  common  pressure,  and 
when  the  thermometer  is  above  10.5°  or  11°  F,  it  is  a  colourless  gas. 
In  the  liquid  state  it  is  as  limpid  and  colourless  as  water.  It  has  a 
very  ofTensWe  odour,  irritates  the  eyes,  is  corrosive  to  the  skin,  and 
highly  injurious  to  animal  life. 

The  cyanuret  of  chlorine  is  very  soluble  in  water  and  alcohol.  The 
former  under  the  common  pressure,  and  at  68°  F,  dissolves  twenty-five 
times  its  volume.  Alcohol  takes  up  100  times  its  volume,  and  the 
ilMwrption  is  effected  almost  with  the  same  velocity  as  that  of  ammo- 
niical  gas  by  water.  These  solutions  are  quite  neutral  with  respect  to 
litmus  and  turmeric  paper,  and  may  be  kept  without  apparent  change. 
The  gas  may  even  be  separated  without  decomposition  by  boiling. 
The  cyanuret  of  chlorine,  accordingly,  does  not  possess  the  characters 
of  tn  acid. 

The  changes  induced  by  the  action  of  alkalies  do  not  appear  to  be 
^eij  clearly  understood.  M.  SeruUas  agrees  with  Gay-Lussac  in 
stating,  that  If  to  a  solution  of  the  cyanuret  of  chlorine  a  pure  alkali  in 
*dded,  and  then  an  acid,  effervescence  ensues  from  the  escape  of  car- 
bonic acid  gas.  Ammonia,  and  probably  murhitic  and  hydrocyanic 
^cid,  is  also  generated. 

The  statement  of  Gay-Lussac  relative  to  the  composition  of  cyanuret 
Of  chlorine  is  confirmed  by  the  analysis  of  M.  SeruIIas.  According 
to  these  chemists,  it  is  composed  of  equal  measures  of  chlorine  and 
Cj^anogen  gases,  united  without  any  condensation ;  or,  by  weight,  of 
^6  parts  or  one  equivalent  of  chlorine,  and  26  parts  or  one  equivalent 
of  cyanogen.  Its  equivalent  is  therefore  62,  and  its  specific  gravity 
iti  the  gaseous  state,  2.1627. 
W2 
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Cyanogen  and  Iodine, 

The  cyanuret  of  iodine,  which  wis  discovered  Id  1824  by  M.  Serai* 

las,  (Au.'de  Ch.  et  dc  Ph.  vol.  xivii.)  may  be  prepared  by  the  following 

proccsa : — Two  parti  of  ihc  cyanuret  of  mercury  and  one  of  Iodine, 

are  intimately  aod  quickly  mixed  in  a  glass  moitar,  and  the  miitureis 

introduced  into  a  phial  with  a  wide  mouth.    On  applying  heat,  the 

violet  vapours  of  iodine  appear;  but  as  soon  as  the  cyanuret  of  met- 

curv  begins  to  be  decomposed,  the  vapour  of  iodine  is  succeeded  bj 

while  fume<i,  which,  if  received  in  a  cool  glass  receiver,  condeoM 

upon  ite  sides  into  tlocks  like  cotton  wool.    The  action  of  the  iodine 

and  cyanuret  of  mercury  is  fouud  to  be  promoted  by  the  presence  of 

a  little  water. 

The  cyanuret  of  iodine,  when  slowly  condensed,  occurs  in  very  long 
and  c\c'eedingly  slender  needles,  of  a  white  colour.  It  has  a  nn 
caustic  taf^le  and  penetrating  odour,  and  excites  a  flow  of  teats.  It 
sinks  rapidly  in  sulphuric  acid.  It  is  very  volatile,  and  sustains  a  tern*  |c 
perature  much  hi^^her  than  212^  F.  without  decomposition;  but  ii de- 
composed by  a  red  heat.  It  dissolves  in  water  and  alcohol,  andfonas 
solutions  which  do  not  redden  litmus  paper.  Alkalies  act  upon  it  in 
the  same  manner  as  on  the  cyanuret  of  chlorine,  a  compound  to  wliich 
it  is  very  analogous. 

Sulphurous  acid,  when  water  is  present,  has  a  very  powerful  action 
on  cyanuret  of  iodine.  On  adding  a  few  drops  of  this  acid,  iodine  is 
set  free,  and  hjdrocyanic  acid  produced;  but  when  more  of  the  sul- 
phurous acid  is  employed,  the  iodine  disappears,  and  the  solution  is 
found  to  contain  hydi iodic  acid.  These  changes  are  oi  course  accom- 
panied with  the  foimatiou  of  sulphuric  acid,  and  the  decomposition  of 
water. 

The  cyanuret  of  iodine  has  not  been  analyzed  with  accuracy;  but 
M  Serullas  infers  from  an  approximative  analysis,  that  it  is  composed 
of  one  equivalent  of  iodine  and  one  of  cyanogen. 

Cyanogen  and  Bromine, 

The  cyanuret  of  bromine  has  been  prepared  by  M.  Uebig  by  a  pro- 
cess very  similar  to  that  described  for  procuring  the  cyanuret  of  iodine. 
At  the  bottom  of  a  small  tubulated  retort,  or  a  rather  long  tube,  are 
placed  two  parts  of  cyanuret  of  mercury  slightly  moistened;  and  after 
cooling  the  apparatus  by  cold  water,  or  still  better  by  a  freezing  mir 
ture,  a  precaution  which  is  indispensable  in  summer,  one  part  of  bro- 
mine is  introduced.     Strong  reaction  instantly  ensues,  and  caloric  is 
so  freely  evolved,  that  a  considerable  quantity  of  the  bromine  would 
be  dissipated,  unless  the  temperature  of  the  retort  had  been  previously 
reduced.    The  new  products  are  bromide  of  mercury  and  cyanuret  of 
bromine,  the  latter  of  which  collects  in  the  upper  part  of  the  tube  in 
the  form  of  long  needles.    After  allowing  any  vapour  of  bromine,  which 
may  have  risen  at  the  same  time,  to  condense  and  fall  back  upon  the 
cyanuret  of  mercury,  the  cyanuret  of  bromine  is  expelled  by  a  gentle 
heat,  and  collected  in  a  recipient  carefully  cooled. 

As  thus  formed,  the  cyanuret  is  crystallized,  sometimes  in  sniall  re- 
gular colourless  and  transparent  cubes,  and  sometimes  in  long  and  very 
slender  needles.  In  its  physical  properties  it  is  so  very  similar  to  the 
cyanuret  of  iodine,  that  they  may  easily  be  mistaken  for  each  other, 
especially  when  the  CTy«la\a  o^  vVve  c^^sraiTet  of  bromine  possess  the 
acicuJar  form.    They  agree  c\Qee\^  m  Q^oivsK  v&i^  ^^Su^sS^s^^but  the 
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cyaDoret  of  bromine  is  even  more  volatile  than  the  cyanuret  of  iodine. 
It  is  converted  into  vapour  at  59^  F,  and  crystallizes  suddenly  on 
eoolinc.  Its  solubility  in  water  and  alcohol  is  likewise  greater  than 
that  of  the  cyanuret  of  iodine.  By  a  solution  of  caustic  potassa  it  is 
converted  into  the  hydrocyanate  and  hydrobroinate  of  potassa. 

Cyanuret  of  bromine  is  highly  deleterious.  A  grain  of  ft  dissolved 
in  a  little  water,  and  introduced  into  the  oesophagus  of  a  rabbit,  proved 
fatal  on  the  instant,  acting  with  the  same  rapidity  as  prussic  acid.  In 
conseqnence  of  the  volatility  and  noxious  qualities  of  this  substance, 
experiments  with  it  should  be  conducted  with  great  circumspection. 
The  danger  from  this  cause,  together  with  deficient  supply  of  bromine, 
prevented  M.  SeruUas  from  continuing  the  investigation  of  its  proper- 
ties.    (Edin.  Journal  of  Science,  No.  xiii.  189.) 

Ferrocyanic  Acid. 

The  ferrocyanic  acid  has,  within  these  few  years,  been  the  subject 
of  able  researches  by  Mr  Porrett*,  Berzeliusf,  and  M.  Robique(|. 
Mr  Porrett  recommends  two  methods  for  obtaining  ferrocyanic  acid, 
by  one  of  which  it  is  procured  in  crystals,  and  by  the  other  in  a  state 
of  solution.  The  first  process  consists  in  dissolving  58  grains  of  crys- 
tallized tartaric  acid  in  alcohol,  and  mixing  the  liquid  with  60  grains 
of  the  ferrocyanate  of  potassa,  dissolved  in  the  smallest  possible  quan- 
tity of  hot  water.  The  bitartrate  of  potassa  is  precipitated,  and  the 
dear  solution,  on  being  allowed  to  evaporate  spontaneously,  gradually 
deposites  ferrocyanic  acid  in  the  form  of  small  cubic  crystals  of  a  yel- 
low colour.  In  the  second  process,  the  ferrocyanate  of  baryta,  dis- 
solved in  water,  is  mixed  with  a  quantity  of  sulphuric  acid,  which  is 
precisely  sufficient  for  combining  with  the  baryta.  The  insoluble  sul- 
phate oi  baryta  subsides,  and  the  ferrocyanic  acid  remains  in  solution. 
According  to  Mr  Porrett,  every  ten  grains  of  the  ferrocyanate  of  baryta 
require  so  much  liquid  sulphuric  acid  as  is  equivalent  to  2.53  grains  of 
real  acid. 

Ferrocyanic  acid  is  neither  volatile  nor  poisonous  in  small  quanti- 
ties, and  has  no  odour.  It  is  gradually  decomposed  by  exposure  to 
the  light,  forming  hydrocyanic  acid  and  Prussian  blue;  but  it  is  far 
less  liable  to  spontaneous  decomposition  than  hydrocyanic  acid.  It 
differs  also  from  this  acid  in  possessing  the  properties  of  acidity  in  a 
much  greater  degree.  Thus  it  reddens  litmus  paper  permanently, 
neutralizes  alkalies,  and  separates  the  tarbonic  and  acetic  acids  from 
their  combinations.  It  even  decomposes  some  salts  of  the  more  pow- 
eriul  acids.  The  peroxide  of  iron,  for  example,  unites  with  ferrocyanic 
in  preference  to  sulphuric  acid,  unless  the  latter  is  concentrated. 

Different  opinions  have  prevailed  as  to  the  nature  of  ferrocyanic 
acid.  Berzelius  maintains  that  it  is  a  supcr-hydrocyanate  of  the  pro- 
toxide of  iron ;  but  M.  Robiquet  has  shown  by  arguments  which  ap- 
pear to  me  unanswerable,  that  this  supposition  is  inconsistent  with 
the  phenomena.  The  view  which  is  now  commonly  taken  of  the 
compoution  of  this  acid,  was  suggested  by  an  experiment  made  by 
Ifr  Porrett.  On  exposing  ferrocyanate  of  soda  to  the  agency  of  gal- 
vanism, the  soda  was  observed  to  collect  at  the  negative  pole,  while 


*  Philosophical  Transactions  for  1814  and  1815.    Annals  of  Philo- 
sophy, vol.  ziv. 
t  Annales  de  Chimie  et  de  Physique,  vol.  xv, 
t  Ibid.  vol.  xvii. 
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oxide  of  iron,  together  with  the  elements  of  hydrocyanic  acid,  ap- 
peared at  the  opposite  end  of  the  battery.  From  this  he  inferred,  tint 
the  iron  does  not  act  the  part  of  an  alkali  in  the  salt,  for  on  that  sup- 
position it  sliould  have  accompanied  the  soda,  but  that  U  enters  into 
the  constitution  of  the  acid  itself.  Mr  Porrett  at  first  considered  the 
iron  to  be  in  the  slate  of  an  oxide ;  but  he  concludes  from  subseqneat 
researches,  that  ferrocyanic  acid  contains  no  oxygen,  and  that  its  sole 
elements  are  carbon,  hydrogen,  nitrogen,  and  metallic  iron.  To  tlw 
acid  thus  constituted,  he  proposes  the  name  of  ferruretted  ehwuk* 
acid;  but  the  term  ferrocyanic  acid  introduced  by  the  Frencn  che- 
mists, is  more  generally  employed. 

Tliis  view  has  the  merit  of  accounting  for  the  fact,  that  iron,  thon^ 
contained  in  ferrocyanic  acid  and  all  its  salts,  cannot  be  detectedm 
them  by  the  usual  tests  of  iron.  For  the  liquid  tests  are  fitted  only 
for  detecting  oxide  of  iron  as  existing  in  a  salt,  and  therefore  cannot 
be  expected  to  indicate  the  presence  of  metallic  iron,  while  forming 
one  of  the  elements  of  an  acid.  We  may  now  also  understand  how  it 
happens  that  the  ferrocyanic  should  actually  contain  the  elements  of 
hydrocyanic  acid,  and  yet  differ  from  it  totally  in  its  properties. 

According  to  the  experiments'  of  Mr  Porrett,  ferrocyanic  add  it 
composed  of  one  equivalent  of  iron,  one  of  hydrocyanic  acid,  and  twe 
equivalents  of  carbon.  M.  Robiquet  states,  however,  that  its  elementi 
are  in  such  proportion  as  to  form  cyanuret  of  iron,  and  hydroqftnie 
acid ;  and  the  result  of  his  researches,  together  with  the  analysis  of 
Berzelius,  appears  to  justify  the  conclusion  that  ferrocyanic  add  is 
composed  of 

Hydrogen  ....  2  proportionals. 

Iron  ....  1  proportional. 

Cyanogen  ....  3  proportionals, 

or  of 

Hydrocyanic  acid        ...  2  proportionals. 

Cyanuret  of  iron  ...  1  proportionalf. 

Ferrocyanic  acid  is,  therefore,  analogous  to  several  acids,  such  as 
the  muriatic,  hydriodic,  and  hydrosulphuric  acids,  all  of  which  conttin 
hydrogen  as  an  essential  element,  and  which  for  this  reason  are  tem- 
ed  hydracids.  Under  this  point  of  view,  ferrocyanic  acid  may  be  re* 
garded  as  a  compound  of  a  certain  radical  and  hydrogen.  This  radi- 
cal, which  has  not  been  obtained  in  an  insulated  state,  is  composed  of 
Cyanogen  3  Prop.  ^  Cyanogen  2  Prop. 

>     •  or  of 
Iron  1  Prop. )  Cyanuret  of  iron       1  Prop, 

and  the  acid  itself  consists  of  one  proportional  of  the  radical  and  two 
of  hydrogen. 

The  salts  of  ferrocyanic  acid  were  once  csriied  triple  prusriateit 
on  the  supposition  that  they  are  composed  of  prussic  or  hydrocyanic 
acid,  in  combination  with  oxide  of  iron  and  some  other  alkaline  base. 
They  are  now  termed  ferrocyanates.  The  beautiful  dye,  Prussito 
blue,  is  a  ferrocyanate  of  the  peroxide  of  iron.  It  is  always  formed, 
when  ferrocyanic  acid  or  its  salts  are  mixed  in  solution  with  a  persalt 
of  iron ;  and  for  this  reason  the  persalts  of  iron,  provided  no  free  a)l[>Il 
is  present,  afford  a  certain  and  an  extremely  delicate  test  of  the  pre* 
sence  of  ferrocyanic  acid. 

*  ChyaziCf  from  the  initials  of  carbon,  hydrogen,  and  azote. 
f  See  a  notice  on  the  Uip\e  vt>u»vates  va  the  An,  do  Ch.  et  de  Pb' 
vol.  xxU, 
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Sulphocyanic  Add. 

This  acid  was  discovered  in  the  year  1808  by  Mr  Porrett,  who 
igeertained  that  it  is  a  compound  of  sulphur,  carbon,  hydrogen,  and 
DJCrogen,  and  described  it  under  the  name  of  sulphuretted  chyazie 
add.  It  is  now  more  commonly  called  sulphocyanic  acid,  and  its 
salts  are  termed  sulphocyanates, 

Sulphocyanic  acid  is  obtained  by  mixing  so  much  sulphuric  acid 
with  a  coDcentrated  solution  of  the  sulphocyanate  of  potassa  as  is 
sufficient  to  neutralize  the  alkali,  and  then  distilling  the  mixture.  An 
add  liquor  collects  in  the  recipient,  which  is  sulphocyanic  acid  dis- 
solved in  water,  and  sulphate  of  potassa  remains  in  the  retort. 

Sulphocyanic  acid,  as  thus  prepared,  is  a  transparent  liquid,  which  is 
either  colourless  or  has  a  slight  shade  of  pink.  Its  odour  is  somewhat 
slmUar  to  that  of  vinegar.  The  strongest  solution  of  it  which  Mr  Por- 
rett could  obtain  bad  a  specific  gravity  of  1.022.  It  boils  at  216.5°  F  ; 
and  at  54.6®  crystallizes  in  six-sided  prisms. 

Sulphocyanic  acid  reddens  litmus  paper,  and  forms  neutral  com- 
pounds with  alkalies.  Its  presence,  whether  free  or  combined,  is 
easily  detected  by  a  persalt  of  iron,  with  the  oxide  of  which  it  unites, 
forming  a  soluble  salt  of  a  deep  blood-red  colour.  With  the  protoxide 
of  copper  it  yields  a  white  salt,  which  is  insoluble  in  water. 

According  to  the  analysis  of  Mr  Porrett,  (Annals  of  Philosophy,  vol. 
ziii.)  which  is  confirmed  by  that  of  Berzelius,  (An.  de  Ch.  et.de  Ph. 
vol.  xvi.)  sulphocyanic  acid  is  composed  of 

Cyanogen  .  26  .  one  proportional. 

Sulphur        .       .  82  .  two  proportionals. 

Hydrogen  .  1  .  one  proportional, 

or  of 

Bisutphuret  of  Cyanogen  58  .  one  proportional. 

Hydrogen  1  .  one  proportional. 

Sulphocvanic  acid  is,  therefore,  a  hydracid ;  and  though  its  radical, 
the  bisulphuret  of  cyanogen,  has  not  been  obtained  in  a  separate 
state,  it  is  capable,  like  the  radicals  of  all  the  other  hydracids,  of  com- 
bining with  metallic  substances. 

Berzelius  also  succeeded  in  proving  the  existence  of  a  selenio-cy- 
Ottte  aeid,  though  he  could  not  separate  it  from  its  combination  with 
potassa.  It  is  likewise  a  hydracid,  and  its  radical  is  a  seleniuret  of 
cyanogen. 


SECTION  VII. 

COMPOUJVDS  OF  SULPHUR, 

Bisulphuret  of  Carbon. 

This  substance  was  discovered  accidentally  in  the  year  1796  by  Pro- 
fessor Lampadius,  who  regarded  it  as  a  compound  of  sulphur  and  hy- 
drogen, and  termed  it  alcohol  of  sulphur,  Clement  and  Desormes 
first  declared  it  to  be  a  sulphuret  of  carbon,  and  their  6t«Llem«tk\.  "nr^^ 
fully  confirmed  by  the  joint  researches  of  BerzeUus,  ^nd  \^^VkV^  ^"^ 
Mttrcet,    (PbUoa,  Traas,  for  1813.) 
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Bisulphuret  of  carbon  may  be  obtained  by  heating  in  cloie  veueb 
the  native  bisulphuret  of  iron  (iron  pyritea)  with  one-fifUi  of  iti 
weight  of  well-dried  charcoal ;  or  by  transmitting  the  vapour  of  laU 
phur  over  fragments  of  charcoal  heated  to  redness  in  a  tube  of  po^ 
celain.  The  compound,  as  it  is  formed,  should  be  conducted  bj 
means  of  a  glass  tube  into  cold  water,  at  the  bottom  of  which  it  is  col- 
lected. To  free  it  from  moisture  and  adhering  sulphur,  it  should  be  dia- 
tilled  at  a  low  temperature  in  contact  mth  the  chloride  of  calcium. 

Bisulphuret  of  carbon  is  a  transparent  colourless  liquid,  which  isie- 
markable  for  its  high  refractive  power.  Its  specific  gravity  is  1.271 
It  has  an  acid,  pungent,  and  somewhat  aromatic  taste,  and  a  veiy  fotid 
odour.  It  is  exceedingly  volatile; — its  vapour  at  63.5**  F.  supportia 
column  of  mercury  7.36  inches  long ;  and  at  llO**  F.  it  enters  bio 
brisk  ebullition.  From  its  great  volatility  it  may  be  employed  forpio- 
ducing  an  intense  degree  of  cold. 

Bisulphuret  of  carbon  is  very  inflammable,  and  kindles  in  the  open 
air  at  a  temperature  scarcely  exceeding  that  at  which  mercury  boDi. 
It  burns  with  a  palo  blue  name.  Admitted  into  a  vessel  of  oxygen 
gas,  so  much  vapour  rises  as  to  form  an  explosive  mixture ;  and  when 
mixed  in  like  manner  with  deutoxide  of  nitrosen,  it  forms  a  combnsti- 
ble  mixture,  which  is  kindled  on  the  approach  of  a  lighted  taper,  and 
bums  rapidly,  with  a  large  greenish- white  flame  of  dazzling  brilliaoey. 
It  dissolves  readily  in  alcohol  and  ether,  and  is  precipitated  from  thesolo- 
tion  by  water.  It  dissolves  sulphur,  phosphorus,  and  iodine,  and  the 
solution  of  the  latter  has  a  beautiful  pink  colour.  Chlorine  decom- 
poses it,  with  formation  of  the  chloride  of  sulphur.  The  pure  acids 
have  little  action  upon  it.  With  the  alkalies  it  unites  slowly,  formiDg 
compounds  which  Berzclius  calls  carbo-sulphurets.  It  is  converted 
by  strong  nitro-muriatic  acid  into  a  white  crystalline  substance  lit^e 
camphor,  which  Berzclius  considers  to  be  a  compound  of  muriatic, 
carbonic,  and  sulphurous  acid  gases. 

Xanthooren  and  Hydroxanthic  acid. — M.  Zeise,  Professor  of  che- 
mistry in  Copenhagen,  has  discovered  some  novel  and  interesting  fiicts, 
relative  to  the  bisulphuret  of  carbon.  When  this  fluid  is  agitat^  with 
a  solution  of  pure  potassa  in  strong  alcohol,  tho  alkaline  properties  of 
the  potassa  disappear  entirely ;  and  on  exposing  the  solution  to  a  tem- 
perature of  32^  F.  numerous  acicular  crystals  are  deposited.  M.  Zeise 
attributes  these  phenomena  to  the  formation  of  a  new  acid,  the  ele- 
ments of  which  are  derived,  in  his  opinion,  partly  from  the  alcohol,  and 
partly  from  the  bisulphuret  of  carbon.  Ho  regards  the  acid  as  a  com- 
pound o(  carbon,  sulphur,  and  hydrogen^  He  supposes  it  to  be  a 
hydracid,  and  that  its  radical  is  a  sulphuret  of  carbon.  To  the  radical 
of  this  hydracid  he  applies  the  term  Xanthogen^  (from  ^avBgc  yeUoVf 
and)/iyysuk>  1  generate y)  expressive  of  thafact  that  its  combinations  with 
several  metals  have  a  yellow  colour.  The  acid  itself  is  called  hydrot- 
anthic  acid,  and  its  salts  hydroxanthates.  The  crystals  deposited 
from  the  alcoholic  solution  arc  the  hydroxauthate  of  potassa. 

There  is  no  doubt  of  a  new  acid  being  generated  under  the  ircoffl- 
stances  described  by  M.  Zeise;  but  since  he  has  not  procured xaotho- 
gen  in  an  insulated  form,  nor  even  determined  with  certainty  the  coD- 
stitucnt  principles  of  the  hydroxanthic  acid,  there  exists  considerable 
uncertainty  as  to  its  real  nature.  On  this  account  I  refer  to  the  original, 
essay  for  more  ample  details  concerning  it.  (An  de  Ch.  et  de  Ph.  vol. 
xxi ;  and  Annals  of  Philosophy,  N.  S.  vol.  iv.) 

Sulphuret  of  Phosphorus, — When  sulphur  is  brought  into  contact 

^'ith  fused  phosphorus,  Ihey  unite  readily,  but  in  proportions  which 

have  not  been  precisely  delecuivti^^  \  vid.  ^«^  Sx^^v^U^  ^^^^  ^° 
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each  other  with  such  violence  as  to  cause  an  explosion.  For  this 
reason  the  experiment  should  be  made  with  a  quantity  of  phosphorus 
not  ezeeedinjg  thirty  or  forty  grains.  The  phosphorus  is  placed  in  a 
glaaf  tube,  five  or  six  inches  lonj^,  and  about  half  an  inch  wide,  and 
when  by  a  sentle  heat  it  is  liquefied,  the  sulphur  is  added  to  it  in  sue- 
cewiye  smaU  portions.  Caloric  is  evolved  at  the  moment  of  combina- 
tion, and  sulphuretted  hydrogen  and  phosphoric  acid,  owing  to  the 
preaence  of  moisture,  are  generated.  This  compound  may  also  be 
made  by  aeitating  the  flowers  of  sulphur  with  fused  phosphorus  under 
water.  The  temperature  should  not  exceed  160°  F;  for  otherwise 
ralphuretted  hydrogen  and  phosphoric  acid  would  be  evolved  so  freely 
as  to  prove  dangerous,  or  at  least  to  interfere  with  the  success  of  the 
process. 

The  sulphuret  of  phosphorus,  from  the  nature  of  its  elements,  is 
hig^y  combustible.  It  is  much  more  fusible  than  phosphorus.  A 
compound  made  by  Mr  Faraday  with  about  five  parts  of  sulphur  to 
seven  of  phosphorus,  was  quite  fluid  at  32°  F,  and  did  not  solidify  at 
W*  F.    (Quarterly  Journal,  vol.  iv.) 


SECTION  VIII. 
COMPOUJVDS  OF  SELEJVIUM, 

Sulphuret  of  Selenium. 

When  sulphuretted  hydrogen  gas  is  conducted  into  a  solution  of 

selenic  acid,  an   orange-coloured  precipitate  subsides,  which  is  a 

nlphuret  of  selenium.    It  fuses  at  a  heat  a  little  above  212°  F,  and 

it  a  still  higher  temperature  may  be  sublimed  without  change.    In 

the  open  air  it  takes  fire  when  heated,  and  sulphurous,  selenious,  and 

•elenlc  adds  are  the  products  of  ijs  combustion.    The  alkalies  and 

tlkaline  hydrosulphurets  dissolve  it.  Nitric  acid  acts  upon  it  with  diffi- 

culty ;  hut  nitro-muriatic  acid  converts  it  into  sulphuric  and  selenic 

tcids.  (Annals  of  Philosophy,  vol.  xiv.)    According  to  Berzelius,  this 

snlphnret  is  composed  of  40  parts  or  one  proportional  of  selenium,  and 

24  parts  or  one  proportional  and  a  half  of  sulphur. 

Selenium  and  sulphur  combine  readily  by  the  aid  of  heat,  but  it  is 
difficult  in  this  way  to  obtain  a  definite  compound. 

Phosphuret  of  Selenium. 

The  phosphuret  of  selenium  may  be  prepared  in  the  same  manner 
as  the  sulphuret  of  phosphorus ;  but  as  selenium  is  capable  of  uniting 
with  phosphorus  in  several  proportions,  the  compound  formed  by  fus- 
ing them  together  can  hardly  be  supposed  to  be  of  a  definite  nature. 
This  phosphuret  is  very  fusible,  sublimes  without  change  in  close 
vessels,  and  is  inflammable.  It  decomposes  water  gradually  when  di- 
gested in  it,  giving  rise  to  seleniuretted  hydrogen,  and  one  of  the  acids 
of  phosphorus.     (Annals  of  Philosophy,  vol.  xiv.) 
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METALS. 


QEJ^ERAL  PROPERTIES  OF  METALS, 

Metals  are  distinguished  from  other  substances  by  the  foDoirii| 
properties.  They  are  all  conductors  of  electricity  and  caloric.  WIm 
combined  with  oxygen,  chlorine,  iodine,  sulphur,  or  similar  substiiMii 
and  the  resulting  compounds  are  submitted  to  the  action  of  galfinhiii 
the  metals  always  appear  at  the  negative  side  of  the  batteiy,  isd  for 
this  reason  are  said  to  be  positive  electrics.  Thev  are  quite  opjl^i 
refusing  a  passage  to  light,  though  reduced  to  very  thin  leaves.  Tbif 
are  in  general  good  reflectors  of  light,  and  possess  a  peculiar  lortn^ 
which  IS  termed  the  metallic  lustre.  Eveiy  substance  in  wbiefa  tbi» 
characters  reside  may  be  regarded  as  a  metal. 

The  number  of  metals,  the  existence  of  which  is  admitted  by  che- 
mists, amounts  to  forty.  The  following  table  contains  the  names  of 
those  that  have  been  procured  in  a  state  of  purity,  together  with  the 
date  at  which  they  were  discovered,  and  the  names  of  the  cbemists 
by  whom  the  discovery  was  made. 

Table  of  the  Discovery  of  Metals, 


J^ames  of  Metals. 


Gold       . 

Silver     . 

Iron 

Copper 

Mercury 

Lead 

Tin 

Antimony 

Zinc 

Bismuth 

Arsenic 

Cobalt    . 

Platinum 

Nickel    . 

Manganese 

Tungsten 

Tellurium 

Molybdenum 

Uranium 

Titanium 

Chromium 

Co/umbium 


Authors  of  the  Discovery, 


>  Known  to  the  Ancients. 


Described  by  Basil  Valentine, 
Described  by  Agricola  in 
First  mentioned  by  Paracelsus, 

>  Brandt,  in     . 

Wood,  Assay  Master,  Jamaica, 

Cronstedt 

Gahn  and  Scheele, 
MM.  D*£lhuyart,     . 

Miiller 

Hielm, 

Klaprotb,  .         .         .         , 

Gregor,     .  .         .         , 

VauqucUn         .        .        .         , 
\Halc\ieu, 


Daies  of  the 
Discovery. 


15th  century. 

1520 
16th  century. 

1733 

1741 
1751 
1774 
1781 
1782 
1782 
1789 
1791 
1797 
\8Q2 
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qfJfetaU.  I      Authors  of  the  Diuonery, 


dium 

iiam 

nn 

ium 

ink 

ssium 

um 

um 

athim 

inm 

ahim 

tma 

lam 

(ndum 


>Dr  WoIIastOD, 

Descotils  and  Smithson  Tennant, 
Smithson  Tennant, 
Hfsinger  and  Berzelias,    . 


^SirH. 


Davy, 


Dnies  of  the 
Discovery. 


1803 

1S03 
1803 
1804 


1807 


tTomeycr,       .        .        .        ,  18  IS 

Arfwedson,       ....  1818 

SBerzeliiiSy     .        ,        .        .  f       1824 

oflt  o£  tbe  metals  are  remarkable  for  their  great  specific  gravity ; 
B  oi  them,  such  as  gold  and  platinum>  which  are  the  densest  known 
M  in  Hftture,  being  more  than  nineteen  times  heavier  than  an  equal 

of  water.  Great  specific  gravity  was  once  supposed  to  be  an 
Utial  charafiter  of  metals  \.  but  the  discovery  of  potassium  and  so- 
la wbkh  are  so  light  as  to  float  on  the  surface  of  water,  has  shown 

this  supposition  is  erroneous.  Some  metals  experience  an  in- 
le  of  density  to  a  certain  extent  when  hammered,  their  particles 
g  permanently  approximated  by  the  operation.  On  this  account 
ipeeifie  gravity  of  some  of  the  metals  contained  in  tbe  following 
),  ie  represented  as  varying  between  two  extremes : — 

It  €ftke  Specific  Gravity  of  Metals  at  60°  Fahr,  compared  to 

Water  as  unity. 


Plattnom 

20.98 

Brisson. 

Gold      . 

19.267 

Do. 

Toogsten 

17.6 

D'Elhuyart. 

Ifercury 

13.668 

Brisson. 

Palladium 

11.3  to  11.8 

Wollaston. 

Lead 

11.362 

Brisson. 

Silver 

10.474 

Do. 

Bismuth 

9.822 

Do. 

Uranium 

9.000 

Bucholz. 

Copper 

8.896 

Hatcbett. 

Cadmium 

8.604      . 

Stromeyer. 

Cobalt    . 

8.638       . 

Haiiy. 

Arsenic 

8.308       . 

Beremann. 
Ricnter. 

Nickel    . 

8.279 

Iron 

7.788 

Brisson. 

Molybdenum 

7.400       . 

Hielm. 

Tin 

7.291 

Brisson. 

Zinc 

6.861  to  7.1 

Do. 

Manganese 

6.850 

Bergmann. 

Antimony 

6.702 

Brisson. 

Tellorram 

6.116 

,            Klaproth. 

Titanium 

6.3 

Wollaston. 

Cerium 

4.4S9  to  4.619 

C  Hisinger  and 
(  Beti^vvA, 

Sbdium 

0.972  ) 
0.866) 

Pota§9ium 
X 
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Some  metals  possess  the  property  of  maUeaMmy^  thtt  is,  admit  ef 
being  beaten  into  thin  plates  or  leaves  by  bammerinc.  The  maUetUi 
metals  are  gold,  silver,  copper,  tin,  platinum,  palladium^  *^^i»*™»i 
lead,  zinc,  iron,  nickel,  potassium,  sodium,  and  frozen  meicmy.  Hi 
other  metals  are  either  malleable  in  a  very  small  degree  odIv»  or,  lOn 
antimony,  arsenic,  and  bismuth,  are  actually  brittle.  Gold  surpassei 
all  metals  in  malleability:— one  grain  of  it  may  be  extended  so  as  to 
cover  about  52  square  inches  of  sur&ce,  and  to  have  a  thiclmMS  DQt 
exceeding  l-282020th  of  an  inch. 

Nearly  all  malleable  metals  may  be  drawn  out  into  wires,  a  propertf 
which  is  expressed  by  the  term  auetUUy,  The  only  metals  wnich  ns 
remarkable  in  this  respect  are  gold,  silver,  platinum,  iron,  and  copper. 
Dr  Wollaston  has  described  a  method  by  which  gold  wire  may  be  ob* 
tained  so  fine  that  ita  diameter  shall  be  only  l-5S)0th  of  an  inch»  ai 
that  550  feet  of  it  are  required  to  weigh  one  min.  He  has  obtalMd 
a  platinum  wire  so  small,  that  ita  diameter  did  not  exceed  1-90,0006 
of  an  inch.  (Philos.  Transactions  for  1818.)  It  Is  singular  tluU  the 
ductility  and  malleabilihr  of  the  same  metal  are  not  always  in  prDpo^ 
tion  to  one  another.  Iron,  for  example,  cannot  be  made  into  fioe 
leaves,  but  it  may  be  drawn  into  very  small  wires. 

The  tenacity  of  metals  is  measured  by  ascertdnlng  the  gieatoit 
wei^t  which  a  wire  of  a  certain  thickness  can  support,  wlUioat  bmk- 
ing.  According  to  the  experimenta  of  Guyton-Morveao*  whose  rs* 
suTta  are  comprised  in  the  following  table,  iron,  in  point  of  teoadtj, 
surpasses  all  other  metals. 

The  diameter  of  each  wire  was  0.787th  of  a  line. 


Iron  wire  supporta 

Copper 

Platinum 

Silver 

Gold 

Zinc 

Tin 

Lead 


Poundi* 
549.25 
302.278 
274.82 
187.187 
160.768 
109.64 
84.68 
27.621 


The  metals  differ  also  in  hardness,  but  I  am  not  aware  that  their 
exact  relation  to  one  another,  under  this  point  of  view,  has  been  de- 
termined by  experiment.  In  the  list  of  hard  metals  may  be  placed 
titanium,  manganese,  Iron,  nickel,  copper,  zinc,  and  palladium.  Gold, 
silver,  and  platinum  are  softer  than  these ;  lead  is  softer  still,  and  pot- 
assium and  sodium  yield  to  the  pressure  of  the  fingers.  The  proper- 
ties of  elasticity  and  sonorousness  are  allied  to  that  of  hardness.  Iroo 
and  copper  are  in  these  respects  the  most  conspicuous. 

Many  of  the  metals  have  a  distinctly  crystalline  texture.    Iroo,  for 
example,  is  fibrous;  and  zinc,  bismuth,  and  antimony,  are  lamellate^. 
Metals  are  sometimes  obtained  also  in  crystals;  and  when  they  do 
crystallize,  they  always  assume  the  figure  of  a  cube,  the  regular  octa- 
hedron, or  some  form  allied  to  it.    Gold,  silver,  and  copper  occur  ni- 
turally  in  crystals,  while  others  crystallize  when  they  pats  gradually 
from  the  liquid  to  the  solid  condition.    Crystals  are  most  readily  pro- 
cured from  those  metals  which  fuse  at  a  low  temperature ;  and  bis- 
muth, from  conducting  caloric  less  perfectly  than  other  metalsi  sod 
therefore  cooling  more  slowly,  is  best  fitted  for  the  purpose.    The 
procesB  should  be  conducted  in  the  way  already  described  for  Ibrailoff 
c/ystaJa  of  sulphur.     (Page  ITI.") 
Tbe  metals,  with  the  excep\ion  ol  in»tcwri«  vk%  ixS&il  ^ 
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temiMnitaret ;  but  they  may  all  be  liqaefied  by  heat.  The  degree  at 
which  (faay/icM,  or  their  point  of  fusiofit  is  very  differeDt  for  dif&r- 
eDt  matilf »  as  will  appear  by  inspecting  the  following  table.  (The- 
Bud'c  Chemistiy,  vol.  i.) 


red  heat. 


TaHe  tifthefunbUity  of  different  MetdU, 

Fahr. 
'Mercury     .  .  —39'* 

Potassium  136 

Sodium  .190 

Tin    .  .        .430 

Bismuth     .  .493 

Lead  .500 

Tellurium — rather  less  fu- 
sible than  lead 
Arsenic — ^undetermined . 
Zhic  .698 

Antimony — a  little  below 

a  red  heat. 
^Cadmium 


Different  Chemists. 
Gay-Lussac  and 
Thenard. 

Newton. 

Biot. 

Kiaproth. 

Brongoiart. 


Stromeyer. 

Pyrometer  of  Wedgwood. 
r  Silver        ...      20''    Kennedy 
Copper  .      27  ~ 

Gold  ...      82 

Cobalt — rather  less  fusible 
than  iron. 

^™^  •         •  {l58 

Manganese  .    160 

Nicltel — the  same  as 
Manganese  Richter. 

if^uribU  below]  Palladium 


>  Wedgwood. 


Wedgwood. 
Mackenzie. 
Guyton. 


a  red  heat. 


Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
^Columbium 


Almost  infusible,  aild' 
not  to  be  procured  in 
buttons  by  the  heat 
^of  a  smith's  forge. 


Fusible  be- 
fore the  oxy- 
hydrogen 
blowpipe. 


Infusible  in  the  heat  of  a  smith's 
>- forge,  but  fusible  before  the  osy- 
hydrogen  blowpipe. 


Hie  metals  differ  also  in  volatility.  Some  are  readily  volatilized  by 
Ciloilc,  while  others  are  of  so  fixed  a  nature  that  they  may  be  exposed 
to  the  most  intense  heat  of  a  wind  furnace  without  being  dissipated  in 
vipour.  There  are  seven  metals,  the  volatility  of  which  has  been  as- 
certained witfi  certainty ;  namely,  cadmium,  mercury,  arsenic,  tellu- 
flam,  potassium,  sodium,  and  zinc. 

The  metals  cannot  be  resolved  into  more  simple  parts,  and,  there- 
fore, in  the  present  state  of  chemistry,  they  must  be  regarded  as  ele- 
mentary bodies.  It  was  formerly  conceived  that  they  might  be  con- 
verted into  one  another;  and  this  notion  led  to  the  vain  attempts  of 
die  alchemists  to  convert  the  baser  metals  Into  gold.  Th«  c\v^tcCv&\. 
hu  now  learned  that  bis  sole  art  consists  in  reaoWmg  to\tv^o\»\^  \^^- 
dhg  into  their  eJementSg  and  causing  substaDcei  lo  uuMe  yiWYw  ^^x^ 
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previouily  uneombined.  There  ii  not  a  single  §ui  ia  support  of  the 
opinion  that  one  elementary  principle  can  assume  the  properties  pe- 
culiar to  another. 

Metals  have  an  extensive  range  of  affinity,  and  on  this  account  few 
of  them  are  found  in  the  earth  native,  that  is,  in  an  uneombined  foim. 
They  commonly  occur  in  combination  with  other  bodies,  especially 
witli  oxygen  and  sulphur,  in  which  state  they  are  said  to  be  tntne- 
ralized.  It  is  a  singular  fact  in  the  chemical  history  of  the  mettb, 
that  they  are  little  disposed  to  combine  in  the  metallic  state  with  com- 
pound bodies.  Chemists  are  not  acquainted  with  any  instance  of  t 
metal  forming  a  definite  compound  either  with  a  metallic  oxide  or  irith 
an  acid.  They  unite  readily,  on  the  contrary,  with  elementaiy  mb- 
stances.  Thus,  under  favourable  circumstances,  they  combine  with 
one  another,  yielding  compounds  termed  alloy»^  which  possess  all  &e 
characteristic  physical  properties  of  the  pure  metals.  They  unite  fks- 
wlse  with  the  simple  substances  not  metallic,  such  as  oxygen,  ddo* 
rine,  and  sulphur,  giving  rise  to  new  bodies  in  which  the  metalUe  dba- 
racter  is  wholly  wanting.  In  all  these  combinations  the  Same  tendency 
to  unite  in  a  few  definite  proportions  is  conspicuous,  as  in  that  depart- 
ment  of  the  science  of  which  I  have  just  completed  the  descriptioo. 
The  chemical  changes  are  regulated  by  the  same  general  laws,  tod  Id 
describing  them,  the  same  nomenclature  is  applicable. 

The  method  which  I  propose  to  adopt  in  treating  the  metallic  bo- 
dies has  already  been  explained  in  the  introduction.  Before  proeeed- 
ing,  however,  to  descrit>e  the  metals  individually,  I  shall  make  some 
general  observations  by  which  the  study  of  this  subject  will  be  much 
facilitated. 

Metals  are  of  a  combustible  nature,  that  is,  they  are  not  only  sus- 
ceptible of  slow  oxidation,  but,  under  favourable  circumstances,  they 
unite  rapidly  with  oxygen,  giving  rise  to  all  the  phenomena  of  real 
combustion.  Zinc  burns  with  a  brilliant  flame  when  heated  to  full 
redness  in  the  open  air;  iron  emits  vivid  scintillations  on  being  in- 
flamed in  an  atmosphere  of  oxygen  gas ;  and  the  least  ozidable  me- 
tals, such  as  gold  and  platinum,  scintillate  in  a  similar  manner  when 
heated  by  the  oxy-hydrogen  blowpipe. 

The  product  either  of  the  slow  or  rapid  oxidation  of  a  metal,  when 
heated  in  the  air,  has  an  earthy  aspect,  and  was  called  a  calx  by  the 
older  chemists,  the  process  of  forming  it  being  expressed  by  the 
term  calcination.  Another  method  of  oxidizing  metals  is  by  d^flagn' 
tion;  that  is,  by  mixing  them  with  the  nitrate  or  chlorate  of  potain, 
and  projecting  the  mixture  into  a  red-hot  crucible.  Most  metals  fluy 
be  oxidized  by  digestion  in  nitric  acid ;  and  nitro- muriatic  acid  is  id 
oxidizing  agent  of  still  greater  power. 

Some  metals  unite  with  oxygen  in  one  proportion  only,  but  most  of 
them  have  two  or  three  degrees  of  oxidation.  Metals  difier  reo»A' 
ably  in  their  relative  forces  of  attraction  for  oxygen.  Potassium  lui 
sodium,  for  example,  aie  oxidized  by  mere  exposure  to  (he  air;  sDd 
they  decompose  water  at  all  temperatures,  the  instant  they  come  io 
contact  with  it.  Iron  and  copper  may  be  preserved  in  dry  air  without 
change,  nor  can  they  decompose  water  at  common  temperatures;  but 
they  are  both  slowly  oxidized  by  exposure  to  a  moist  atmosphere,  iud 

.  combine  rapidly  with  oxygen  when  heated  to  redness  in  the  open  aii* 
Iron  has  a  stronger  affinity  for  oxygen  than  copper;  for  the  former  de- 
composes water  at  a  red  heat,  whereas  the  latter  cannot  produce  thtt 
effect.    Mercury  is  less  inclined  than  copper  to  unite  with  oiyg^' 
Thus  it  may  be  exposed  wilViouV  cVi-dXk%<&  Vq  Vtv<&  VfiAnfiuee  of  a  moiit 

atmosphere.    At  a  tempeialuxe  ol  ^^^'^  ^t  '1^^''  ^ . V\\]k  taa&ii^S^H.^ 
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mt  a  red  heat  it  Is  reduced  to  the  metallic  state,  while  the  oxide  of 
copper  can  mutalD  the  strongest  heat  of  t  blast  furnace  without  losing 
its  oxygen.  The  afiSnity  of  silver  for  oxygen  is  still  weaker  than  that 
of  mercury.;  for  it  cannot  be  oxidized  by  me  sole  agency  of  caloric  at 
any  temperature. 

Metallic  oxides  suffer  reduction,  or  may  be  reduced  to  the  metallic 
etate»  In  several  ways : 

1.  By  heat  alone.  By  this  method  the  oxides  of  gold,  silver,  mer- 
cury, and  platinum,  may  be  decomposed. 

2.  By  the  united  agency  of  heat  and  combustible  matter.  Thus,  by 
traDsmittioff  a  current  of  hydrogen  gas  over  the  oxides  of  copper  or 
iroOy  heated  to  redness  in  a  tube  of  porcelain,  water  is  generated,  and 
the  metals  are  obtained  in  a  pure  form.  Carbonaceous  matters  are 
Hkewise  used  for  the  purpose  with  great  success.  Potassa  and  soda, 
ibr  example,  may  bo  decomposed  by  exposing  them  to  a  white  heat 
after  being  intimately  mixed  with  charcoal  in  fine  powder.  A  similar 
process  is  employed  in  metallurgy  for  procuring  the  metals  from  their 
ores,  the  inflammable  materials  beine  wood,  charcoal,  coke,  or  coal. 
In  the  more  delicate  operations  of  tlie  laboratory,  charcoal  and  the 
blaekflux  are  preferred. 

8.  fiy  the  galvanic  battery.  This  is  a  still  more  powerful  agent  than 
the  preceding ;  since  some  oxides,  such  as  baryta  and  strontia,  which 
resist  the  umted  Influence  of  heat  and  charcoal,  are  reduced  by  the 
agency  of  galvanism. 

4.  By  the  action  of  deoxidizing  agents  on  metallic  solutions.  The 
phosphorous  acid,  for  example,  when  added  to  a  liquid  containing  the 
oxide  of  mercury,  deprives  the  oxide  of  its  oxygen,  metallic  mercury 
subsides,  and  phosphoric  acid  is  generated.  In  like  manner,  one  me- 
tal may  be  precipitated  by  another,  provided  the  affinity  of  the  latter 
for  oxygen  exceeds  that  of  the  former.  Thus,  when  mercury  is 
added  to  a  solution  of  the  nitrate  of  the  oxide  of  silver,  metallic 
silver  is  thrown  down,  and  oxide  of  mercury  is  dissolved  by  the  nitric 
acid.  On  placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  the  oxide  of  copper  is  formed ;  and  from  tnis  solution 
metallic  copper  may  be  precipitated  by  means  of  iron. 

Metals,  like  the  simple  non-metallic  bodies,  may  give  rise  to  oxides 
or  acids  by  combining  with  oxygen.  The  former  are  the  most  frequent 
piodacts.  Many  metals  which  are  not  acidified  by  oxygen  mav  be 
formed  into  oxides ;  whereas  one  metal  only,  arsenic,  is  capable  of 
fonning  an  acid  and  not  an  oxide. '  All  the  other  metals  which  are 
convertible  into  acids  by  oxygen,  such  as  chromium,  tungsten,  and 
molybdenum,  are  also  susceptible  of  yielding  one  or  more  oxides.  In 
theee  Instances,  the  acids  always  contain  a  larger  quantity  of  oxygen 
than  the  oxides  of  the  same  metal. 

The  distinguishing  feature  of  the  metallic  oxides  is  the  property 
which  many  possess  of  entering  into  combination  with  acids.  All 
Mltfl,  those  of  ammonia  excepted,  are  composed  of  an  acid  and  a  me- 
tallic oxide.  In  some  instances  all  the  oxides  of  the  same  metal  are 
capable  of  forming  salts  with  acids,  as  is  exemplified  by  the  oxides  of 
iron.  More  commonly,  however,  the  protoxide  is  the  sole  alkaline 
or  ialifiahle  base.  Most  of  the  metallic  oxides  are  insoluble  in  water ; 
but  all  those  that  are  soluble  have  the  property  of  giving  a  brown  stain 
to  yellow  turmeric  paper,  and  of  restoring  the  blue  colour  of  reddened 
litmua. 

Oxides  sometimes  unite  with  each  other,  and  form  d«&tv\V^  e^TCk- 
pounda.    The  moat  BbuDdant  ore  of  chromium,  couimoiA^  cd^^^ 
ehramate  of  ton,  ia  an  instance  of  this  kind ;  and  \!hQ  ted  vci^  d«\>\.vi^- 
X2 
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ide  of  manganese,  and  the  ced  oxide  of  lead,  appear  to  belong  to  tbe 
dame  class  of  bodies. 

Chlorine  has  a  powerful  affinity  for  metallic  substancea.  It  com- 
bines readily  with  most  metals  at  common  temperatures,  and  the  ac- 
tion is  in  many  instances  so  violent  as  to  be  accompanied  with  the 
evolution  of  light.  For  example,  when  powdered  zinc,  arsenic,  oc 
antimony,  is  thrown  into  a  jar  of  chlorine  gas,  the  metal  is  inilaotlj 
inflamed.  The  attraction  of  chlorine  for  metals  even  surpasses  that  a 
oxygen.  Thus,  when  chlorine  is  brought  into  contact  at  a  red  belt 
with  pure  lime,  magnesia,  baryta,  strontia,  potassa,  or  soda,  oxygea 
is  emitted,  and  a  chloride  of  the  metal  is  generated,  the  elements  of 
which  are  so  strongly  united,  that  no  temperature  hitherto  tried  cm 
sepaiate  them.  All  other  metallic  oxides  are,  with  few  ezceptioDii 
acted  on  in  the  same  manner  by  chlorine,  and  in  some  casea  tin 
change  takes  place  below  the  temperature  of  ignition. 

Allthe  metallic  chlorides  are  solid  at  the  common  temperature,  ex* 
cept  the  bichlorides  of  tin  and  arsenic,  which  are  liquid.  They  an 
fusible  by  heat,  assume  a  crystalline  texture  in  cooling,  and  undflc 
favourable  circumstances  crystallize  with  regularity.  Several  of  thtton, 
such  as  the  chlorides  of  tin,  arsenic,  antimony,  and  mercury,  are  vola- 
tile, and  may  be  sublimed  without  change.  They  are  for  the  moit 
part  colourless,  do  not  possess  the  metallic  lustre,  and  have  the  aipect 
of  a  salt.  Two  of  the  chlorides  are  insoluble  in  water,  namely,  tha 
chloride  of  silver  and  protochloride  of  mercury ;  but  ail  the  others  are 
more  or  less  soluble  in  water. 

Two  only  of  the  metallic  chlorides,  those  namely  of  gold  and  pla* 
tiuum,  are  decomposable  by  heat.  All  the  chlorides  of  the  common 
metals  are  decomposed  at  a  red  heat  by  hydrosen  gas,  muriatic  add 
being  disengaged  while  the  metal  is  set  free.  Pure  charcoal  does  not 
effect  their  decomposition ;  but  if  moisture  be  present  at  the  same 
time,  muriatic  and  carbonic  acid  gases  are  formed,  and  the  metal  re- 
mains. They  resist  the  action  of  anhydrous  sulphuric  acid ;  but  all 
the  chlorides,  excepting  those  of  silver  and  mercury,  are  readily  de- 
composed by  hydrated  sulphuric  acid,  with  disengagement  of  muriatic 
acid  gas.  The  change  is  accompanied  with  the  decomposition  of 
water,  the  hydrogen  of  which  combines  with  chlorine,  and  its  oxygen 
with  the  metal.  All  chlorides,  when  in  solution,  may  be  recogniied 
by  yielding  with  nitrate  of  silver  a  white  precipitate,  which  is  chloride 
of  silver. 

Metallic  chlorides  may  in  most  cases  be  formed  by  direct  action  of 
chlorine  on  the  pure  metals.  They  are  also  frequently  procured  by 
evaporating  a  solution  of  the  muriate  of  a  metallic  oxide  to  dryneV) 
and  applying  heat  so  long  as  any  water  is  expelled.  Metallic  chloiidei 
arc  often  deposited  from  such  solutions  by  crystallization. 

Chlorine  manifests  a  feeble  affinity  for  metallic  oxides.  No  com- 
bination of  the  kind  occurs  at  a  red  heat,  and  no  chloride  of  a  metallic 
oxide  can  be  heated  to  redness  without  decomposition.  Such  coia- 
pounds  can  only  be  formed  at  low  temperatures ;  and  they  are  possaie- 
ed  of  little  permanency.  It  is  well  known  that  chlorine  may  com- 
bine under  favourable  circumstances  with  the  alkalies  and  alkaline 
earths ;  and  M.  Grouvelle  has  succeeded  in  making  it  unite  with  miff- 
nesia,  and  the  oxides  of  zinc,  copper,  and  iron.  (An.  do  Ch.  et  de 
Ph.  vol.  xvil.)  Of  these  chlorides,  that  of  potassa  may  be  taken  as  an 
example.  If  chlorine  is  conducted  into  a  dilute  and  cold  solution  of 
pure  pot2a8Z,  the  chloride  oi  th^il  ^\ub\\  ^*^  Vmi  ^^x^Mluiced ;  but  tbs 
sSSaity  which  gives  else  to  iU  i6ima.\iovk  UiaV  vqS&r:\»gl\.\sr    ~''~^" 
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Lt  pemiaiieDt.  It  is  destroyed  by  most  Babsttnces  that  act  on  either  of 
Its  constituents.  The  addition  of  an  acid  produces  this  effect  bv  com- 
bining with  the  alkali,  and  hence  the  chlorine  is  separated  by  the  ear- 
Ac  SMid  of  the  atmosphere.  Animal  or  vegetable  colouring  matters 
AttaJ  to  the  compound  by  giving  chlorine  an  opportunity  to  exert 
tHeaching  power;  and,  indeed,  the  colour  is  removeid  by  Ibe 
'do  of  potassa  almost  as  readily  as  by  a  solution  of  chlorine  in 
^\water.  It  is  also  destroyed  by  the  action  of  heat ;  nor  can  its 
^^^11.00  be  concentrated  without  decomposition ;  for,  in  either  case, 
*^Urisitic  and  chloric  acids  are  generated.    (Page  197.) 


iae  has  a  strong  attraction  for  metals;  the  most  of  the  com- 

^,  ^—^a  which  it  forms  with  them  sustain  a  red  heat  in  close  vessels 

^^^^out  decomposition.    But  in  the  degree  of  its  affinity  for  metallic 

'•sinces,  it  is  inferior  to  chlorine  and  oxygen.    We  have  seen  that 

due  has  a  stronger  affinity  than  oxygen  for  metals,  since  It  de- 

^^^poses  nearly  all  oxides  at  high  temperatures;  and  it  separates 

"^y^  also  from  metals  under  the  same  circumstances.    If  the  vapour 

^Miae  is  brought  into  contact  with  potassa,  soda,  protoxide  of  lead, 

'^  oxide  of  bismuth,  heated  to  redness,  oxygen  gas  is  evolved , 

ao  iodide  of  these  metals  will  be  formed.    But  iodine,  so  far  as  is 

£2^m,  cannot  separate  oxygen  from  any  other  metal ;  nay,  all  the 

^^^jfaJes^  except  those  just  mentioned,  are  decomposed  by  exposure  to 

^^^gen  gas  at  the  temperature  of  ignition.    All  the  iodides  are  de- 

^^Upos^  by  chlorine,  bromine,  and  concentrated  sulphuric  and  nitric 

^;^ids ;  and  the  iodine  which  is  set  free  may  be  recognised  either  by 

^jie  colour  of  its  vapour,  or  by  its  action  on  starch.  (Page  212.)     The 

'^Mallic  iodides  are  generated  under  circumstances  analogous  to  those 

^bave  mentioned  for  procuring  the  chlorides. 

When  the  vapour  ef  iodine  is  conducted  over  red-hot  lime,  baryta, 
^Britrontia,  oxygen  is  not  disengaged,  but  aa  iodide  of  those  oxides,  ac- 
eoiding  to  Gay-Lussac,  is  generated.  The  iodides  of  tltese  oxides  ate, 
thanfore,  more  permanent  than  the  analogous  compounds  with  chlo- 
dne.  Iodine  does  not  combine  with  any  other  oxide  under  the  same 
dreumstanccs ;  and  indeed  all  other  such  iodides,  very  few  of  which 
axiflt,  are,  like  the  chlorides  of  oxides,  possessed  of  little  permanency, 
aad  are  decomposed  by  a  red  heat. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or  suspend- 
ed in  water,  is  precisely  analogous  to  that  of  chlorine.  On  adding 
iodine  to  a  solution  of  the  pure  alkalies  or  alkaline  earths,  water  is  de- 
composed, and  hydriodic  and  iodic  acids  are  generated. 

Bromine,  in  its  affinity  for  metallic  substances,  is  intermediate  be- 
tween chlorine  and  iodine ;  for  while  chlorine  disengages  bromine  from 
its  combination  with  metals,  the  metallic  iodides  arc  decomposed  by 
bromine.  The  same  phenomena  attend  the  union  of  bromine  with 
metals,  as  accompanies  the  formation  of  metallic  chlorides.  Thus 
antimony  and  tin  takes  fire  by  contact  with  bromine,  and  its  action 
with  potassium  is  attended  with  a  fiash  of  light  and  intense  disen- 
gagement of  caloric.  These  compounds  have  as  yet  been  but  partially 
ezaouned.  They  may  be  formed  either  by  the  action  of  bromine  on  the 
pure  metals,  or  by  dissolving  metallic  oxides  in  hydrobromic  acid, 
evaporating  the  solution  to  dryness. 

Am  ffuoHae  bua  not  hitherto  been  obtained  in  oi  sep^T^Ve  «.\%\^ 
^^mraafitM acdoaoa  ibe  metals  is  unknown; but  Ihe  eYsv^l «iS 
ofproemtog  it  in  an  iosufa«»d  form  appears  to  anae  faom \Va  «U 
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powerful  tffiDltv  for  metallic  lubittiices,  in  coneeqaenee  of  which,  tx 
the  moment  of  becoming  free,  it  attacks  the  TeMeli  and  InstnimeBti 
employed  in  its  preparation.  The  best  mode  of  preparing  the  loluUe 
fluorides,  such  as  those  of  potassium  and  sodium,  is  by  dusolvfaig  tl» 
carbonate  of  potassa  or  soda  in  hydrofluoric  acid,  and  evaporatfaig  thi 
•olution  to  perfect  dryness.  The  insoluble  fluorides  are  easily  fomed 
from  tbe  hydrofluates  of  potassa  and  soda  by  double  decompoiitioi. 
These  compouods  are  without  exception  decomposed  by  coocenlR' 
ted  sulphuric  acid  with  the  aid  of  heat ;  and  the  hydrofluoric  acid,  ii 
escaping,  may  easily  be  detected  by  its  action  on  glass. 

Sulphur,  like  the  preceding  elementary  substances,  has  t  strsiE 
tendency  to  unite  wiUi  metals,  and  the  combination  may  be  dStdm 
in  several  ways : — 

1.  By  heating  the  metal  directly  with  sulphur.  Tbe  metal,  intb 
form  of  powder  or  filings,  is  mixed  with  a  due  proportion  of  sulpkli 
and  the  mixture  heated  in  an  earthen  crucible,  which  Is  cofeied  to 
prevent  tbe  access  of  air.  Or  if  the  metal  can  sustain  a  red  ktt 
without  fusing,  tho  vapour  of  sulphur  may  be  passed  over  it  whb 
heated  to  redness  in  a  tube  of  porcelain.  The  act  of  combioatioi, 
which  frequently  ensues  below  the  temperature  of  ignition,  is  attsil- 
ed  by  free  disengagement  of  caloric ;  and  in  several  instances  the  hut 
evolved  is  so  great,  that  the  whole  mass  becomes  lumfnons  ttd 
shines  with  a  vivid  light.  This  appearance  of  combustion,  which  oe- 
curs  quite  independently  of  the  presence  of  oxygen,  is  exemplified 
by  the  sulphurets  of  potassium,  sodium,  copper,  iron,  lead,  and 
bismuth. 

2.  By  igniting  a  mixture  of  a  metallic  exide  and  sulphur.  Hie 
sulphurets  of  the  common  metals  may  be  made  by  this  process.  The 
elements  of  the  oxide  unite  with  separate  portions  of  sulphur,  formiog 
sulphurous  acid  gas,  which  is  disengaged,  and  a  metallic  solphniet 
which  remains  in  the  retort. 

8.  By  depriving  the  sulphate  of  an  oxide  of  its  oxygen  by  bmiu 
of  heat  and  combustible  matter.  Charcoal  or  hydrogen  gas  maybe 
employed  for  the  purpose,  as  will  be  described  immediately. 

4.  By  sulphuretted  hydrogen,  or  an  alkaline  hydrosulphuret.  NeU' 
ly  all  the  salts  of  the  common  metals  are  decomposed,  when  a  enr- 
rent  of  sulphuretted  hydrogen  gas  is  conducted  into  their  solotioii. 
The  salts  of  uranium,  iron,  manganese,  cobalt,  and  nickel,  are  well- 
known  exceptions ;  but  these  also  are  precipitated  by  the  hydronl- 
phuret  of  ammonia  or  potassa. 

The  sulphurets  are  opake  brittle  solids,  many  of  which,  such  u  tbe 
sulphurets  of  lead,  antimony,  and  iron,  have  a  metallic  lustre.  Ihey 
are  all  fusible  by  heat,  and  commonly  assume  a  crystalline  textme  in 
cooling.  Most  of  them  are  fixed  in  the  fire ;  but  the  sulphurets  o( 
mercury  and  arsenic  are  remarkable  for  their  volatility.  All  the  sul- 
phurets, excepting  those  which  are  formed  of  the  metallic  bases  of  the 
alkalies  and  earths,  are  insoluble  in  water. 

Most  of  the  protosulphurets  are  capable  of  supporting  intense  beat 
without  decomposition ;  but  those  which  contain  more  than  one  equi- 
valent of  sulphur,  lose  part  of  it  when  strongly  heated.  They  are  all 
decomposed  without  exception  by  exposure  to  the  combined  agency 
of  heat  and  air  or  oxygen  gas ;  and  the  products  depend  entire^  on 
the  degree  of  heat  and  the  nature  of  the  metal.  The  sulphuret  is 
converted  into  the  sulphate  of  an  oxide,  provided  the  siriphate  is  able 
to  support  the  temperature  em^^o^e^  Vii  ^'d  o'^«.t«.Vuft\i.  If  this  is  not 
tbe  case,  then  the  sulphux  \a  e^oVve^  Mm^OL  ^^  Smm  ^V  vd^i^wssNa 
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Bcid,  Mid  a  metallic  oiide  is  left ;  or  if  ihe  oxide  itself  is  decompoeed 
by  beet,  the  pure  metal  remains.  The  action  of  heat  and  air  in  de- 
composing metallic  sulphurets  is  the  basis  of  several  metallurgic  pro- 
casses.  A  few  sulphurets  are  decomposed  by  the  action  of  hydrogen 
gas  at  a  red  heat,  the  pure  metal  being  set  free  and  sulphuretted  hy- 
arogen  evoWed.  AI.  Rose  finds  that  the  only  sulphurets  which  admit 
of  being  easily  reduced  to  the  metallic  state  in  this  way  are  those  of 
antimony,  bismuth*  and  silver.  The  sulphuret  of  tin  is  decomposed 
with  difficulty,  and  requires  a  very  high  temperature.  All  the  other 
sulpburets  which  he  subjected  to  this  treatment,  were  either  deprived 
of  a  part  only  of  their  sulphur,  such  as  the  bisulphuret  of  iron,  or 
were  nor  attacked  at  all,  as  happened  with  the  sulphurets  of  zinc, 
lead,  and  copper.     (Poggeudorf!*s  Annalen,  iv.  109.) 

Many  of  the  metallic  sulphurets  were  formerly  thought  to  be  com- 
pounds of  sulphur  and  a  metallic  oxide  ;  and  I  believe  this  was  first 
abown  to  be  an  error  by  Proust  in  the  essays  which  he  published  in 
tbe  Journal  de  physique.  In  the  53d  volume  of  that  work,  he  de- 
monstrated that  the  sulphuret  of  iron,  (magnetic  pyrites),  as  well  as 
(be  common  cubic  pyrites  or  bisulphuret,  are  compounds  of  sulphur 
and  metallic  iron  without  any  oxygen.  He  showed  the  same  also 
with  respect  to'the  sulphurets  of  other  metals,  such  as  those  of  mer- 
cary  and  copper.  He  was  of  opinion,  however,  that  in  some  instan- 
eea  sulphur  does  unite  with  a  metallic  oxide.  Thus,  when  sul- 
phur anid  the  peroxide  of  tin  are  heated  together,  sulphurous  acid  is 
diiOBgagedy  and  tbe  residue  according  to  Proust  is  a  sulphuret  of  the 
pfotoxide. 

It  was  the  general  belief  at  that  time,  also,  that  the  compounds 
formed  by  heating  sulphur  with  an  alkali  or  alkaline  earth  are  sulphu- 
leta  of  a  metallic  oxide.  Thus,  the  old  hepar  aulphurUt  the  sulphU' 
rtium  potOMSSB  of  the  Edinburgh  Pharmacopceia,  which  is  made  by 
fosbig  together  a  mixture  of  sulphur  and  diy  carbonate  of  potassa, 
waa  regarded  as  a  sulphuret  of  potassa.  In  the  year  1817  M. 
Vanquelin  published  an  essay  in  the  6th  volume  of  the  Annale$  de 
Ckmie  ei  de  Physique,  wherein  he  detailed  some  experiments,  the 
object  of  which  was  to  determine  the  state  of  the  alkali  in  that  com- 
pound. The  late  Count  Berthollet  had  observed  that  when  hepar 
Miiphuris  is  dissolved  in  water,  the  solution  always  contains  a  con- 
riderablo  portion  of  sulphuilc  acid,  which  he  conceived  to  be  gene- 
laied  at  the  moment  of  solution.  He  supposed  that  water  is  then 
decomposed  ;  and  that  its  elements  combine  with  different  portions 
of  sulphur,  the  oxygen  giving  rise  to  the  formation  of  sulphuric  acid, 
and  the  hydrogen  to  sulphuretted  hydrogen.  The  accuracy  of  this 
explanation  was  called  in  question  by  Yauquolin  in  the  paper  above 
Bentioned,  who  contended  that  the  sulphuric  acid  is  generated,  not 
during  the  process  of  solution,  but  by  the  action  of  heat  during  the 
ibrmalion  of  the  sulphuret.  One  portion  of  potassa,  according  to  him, 
yields  its  oxj'gcn  at  a  high  temperature  to  some  of  the  sulphur,  con- 
verting it  into  sulphuric  acid,  while  the  potassium  unites  with  pure 
sulphur.  Two  combinations  therefore  result — sulphuret  of  potassium 
and  sulphate  of  potassa,  which  are  mixed  together.  Tliough  the  ex- 
periments adduced  in  favour  of  this  opinion  were  not  absolutely  con- 
vincing, yet  they  made  it  the  more  probable  of  the  two ;  and  M. 
Vanquelin,  admitting  however  the  want  of  actual  proof,  inferred  from 
them  that  when  an  alkaline  oxide  is  heated  to  redness  with  sulphur, 
the  former  loses  oxygen,  and  a  sulphuret  of  the  metal  itftelC  v%  ^\^- 
duced. 

Tbe  Msib  volume  of  the  AonaJs  likewise  coulaAnatL^v^^^Vs^* 
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Gay-LuMac,  who  offered  tdditioDtl  armaments  in  ikYoar  of  VavqiM* 
lin's  opinion,  and  I  brieve  most  chemlsta  held  them  to  be  Batisfiuto- 
ly.  But  the  more  recent  labours  of  MM.  Berthier  and  Berzelius  btfe 
given  still  greater  insight  into  the  nature  of  these  compounds.  One 
of  Vauquelin's  chief  arguments  was  drawn  from  the  action  of  char- 
coal on  sulphate  of  potassa.  When  a  mixture  of  this  salt  with  pow- 
dered charcoal  is  ignited  without  exposure  to  the  air,  carbonic  oxida 
and  carbonic  acid  gases  are  formed,  and  a  sulphuret  is  left,  analogoai 
both  in  appearance  and  properties  to  that  which  may  be  made  bv  ig- 
niting carbonate  of  potassa  directly  with  sulphur.  They  are  bothei- 
sentially  the  same  substance,  and  Vauquelin  conceived  from  thi 
strong  attraction  of  carbon  for  oxygen,  that  both  the  sulphuric  add 
and  potassa  would  be  decomposed  by  charcoal  at  a  high  temperatun; 
and  that,  consequently,  the  product  must  be  a  sulphuret  of  potasdiuk 

M.  Berthier  has  proved  in  the  following  manner  that  these  ehaagei 
do  actualhr  occur.  (An.  de  Ch.  etde  Ph.  vol.  xxii.)  He  put  aknm 
weight  01  sulphate  of  baryta  into  a  crucible  lined  with  a  mixtma  of 
clay  and  charcoal,  defended  it  from  contact  with  the  air,  and  expond 
it  to  a  white  heat  for  the  space  of  two  hoars.  By  this  treatflMot  it 
suffered  complete  decomposition,  and  it  was  found  that  in  pairing 
into  a  sulphuret,  it  had  suffered  a  loss  in  weight  precisely  eqoal  tB 
the  quantity  of  oxygen  originally  contained  in  the  acid  and  enth. 
This  circumstance,  coupled  with  the  fact  that  there  had  been  no  km 
of  sulphur,  is  decisive  evidence  that  the  baryta  as  well  as  the  acid 
had  lost  its  oxygen,  and  that  a  sulphuret  of  barium  had  been  formed* 
He  obtained  the  same  results  also  with  the  sulphates  ofstrontia,liniei 
potassa,  and  soda ;  but  from  the  fusibility  of  the  sulphurets  of  potassi- 
um and  sodium,  their  loss  of  weight  could  not'  be  detennined  with 
such  precision  as  in  the  other  instances. 

The  experiments  of  Berzelius,  performed  about  the  same  timei  are 
exceedingly  elegant,  and  still  more  satisfactory  than  the  foregonig. 
(An  de  Ch.  et  de  Ph.  vol.  xx.)  He  transmitted  a  current  of  dry  hy- 
drogen gas  over  a  known  quantity  of  sulphate  of  potassa,  heated  t» 
redness.  It  was  expected  from  the  strong  affinity  of  hydrogen  fix 
oxygen,  that  the  sulphate  would  be  decomposed ;  and,  accordin^y> 
a  considerable  quantity  of  water  was  formed,  which  was  carefully  col- 
lected and  weighed.  The  loss  of  weight  which  the  salt  had  experi- 
enced, was  precisely  equivalent  to  the  oxygen  of  the  acid  and  alkali ; 
and  the  oxygen  of  the  water  was  exactly  equal  to  the  loss  in  weight* 
A  similar  result  was  obtained  with  the  sulphates  of  soda,  baiytit 
strontia,  and  lime. 

It  is  demonstrated,  therefore,  that  the  metallic  bases  of  the  alkaKei 
and  alkdHine  earths  agree  with  the  common  metals  in  their  dispositioQ 
to  unite  with  sulphur.  Il  is  now  certain  that,  whether  a  sulphate  be 
decomposed  by  hydrogen  or  charcoal,  or  sulphur  ignited  with  an  al- 
kali or  an  alkaline  earth,  a  metallic  sulphuret  is  always  the  prodneti 
Direct  combination  between  sulphur  and  a  metallic  oxide  is  a  raie 
occurrence,  and  I  am  not  aware  that  the  existence  of  such  a  com- 
pound has  as  yet  been  clearly  established.  Gay-Lussac  indeed  states 
that,  when  an  alkali  or  an  alkaline  earth  is  heated  with  sulphur  in 
such  a  manner  that  the  temperature  is  never  so  high  as  a  low  red 
heat,  the  product  is  really  the  sulphuret  of  an  oxide.  But  the  fiiets 
adduced  in  favour  of  this  opinion  are  not  altogether  satisfactory,  lo 
that  the  real  nature  of  the  product  must  be  decided  by  future  observa* 
Hon, 

Several  of  the  metaUic  au\iB\i\xse>\a  Q^t.>xi  ^\ai<&auajd^  in  nitum* 
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Those  tbit  are  most  freqaently  met  with,  are  the  sulphurets  of  lead, 
mntifflODjr,  copper,  iron,  zinc,  molybdenum,  and  silver. 

Tlie  metallic  seleniurets  have  so  close  a  resemblance  in  their  chemi- 
cal relations  to  the  sulphurets,  that  it  is  unnecessary  to  give  a  sepa- 
rate description  of  them.  They  may  be  prepared  either  by  bringing 
■elenium  in  contact  with  the  metals  at  a  high  temperature,  or  by  the 
■etioa  of  bydro-selenic  acid  on  metallic  solutions. 

Csranogen,  as  already  mentioned  at  page  251,  has  an  affinity  for 
metallic  sulMtances.  Few  of  the  cyanurets,  however,  have  been 
hitherto  obtained  in  a  separate  state,  excepting  those  of  potassium, 
mercary,  silver,  and  palladium.  The  three  latter  are  readily  decom- 
posed by  a  red  heat. 

C]r*^ogeii  unites  also  with  some  of  the  metallic  oxides.  When 
hydrocyanic  acid  vapour  is  transmitted  over  pure  baryta  contained  in 
e  poTcehJn  tube,  and  heated  till  it  begins  to  be  luminous,  hydrogen 
gas  is  evolved,  and  cyanuret  of  baryta,  according  to  Gay-Lussac,  is 
generated.  The  same  chemist  succeeded  in  forming  the  cyanurets  of 
potaasa  and  soda  by  a  similar  process.  These  compounds  exist  only 
fai  the  diy  state.  A  change  is  produced  in  them  by  the  action  of  wa- 
ter, the  nature  of  which  has  already  been  explained.    (Page  254.) 

Respecting  the  preceding  compounds  there  remains  one  subject^ 
die  eontideration  of  which,  as  applying  equally  to  all,  has  been  por- 
poaely  delayed.  The  non-metallic  ingredient  of  each  of  these  com- 
poimds  is  the  radical  of  a  hydracid ;  that  is,  it  has  the  property  of 
KMming  with  hydrogen  an  acid,  which,  like  other  acids,  is  unable  to 
unite  with  metals,  but  appears  to  combine  readily  with  many  metallic 
elides.  Owing  to  this  circumstance,  a  difficulty  arises  in  explaining 
Ae  action  of  such  substances  on  water.  Thus,  when  the  chloride  of 
poCassiam  is  put  into  water,  it  may  dissolve  without  suffering  any 
edier  chemical  change,  and  the  liquid  accordingly  contain  chloride  of 
poCassiam  in  solution.  But  it  is  also  possible  that  the  elements  of  this 
compound  may  react  on  those  of  water,  its  potassium  uniting  with 
•iTgen,  and  its  chlorine  with  hydrogen ;  and  as  the  resulting  potassa 
and  muriatic  acid  have  a  strong  affinity  for  each  other,  the  solution 
would  of  course  contain  muriate  of  potassa.  A  similar  ancertainty 
attends  the  action  of  water  on  other  metallic  chlorides,  and  on  the 
ipounds  of  metals  with  iodine,  bromine,  sulphur,  and  similar  sub* 
ices ;  so  that  when  the  iodide,  sulpburet,  and  cyanuret  of  potassi- 
are  put  into  water,  chemists  are  in  doubt  whether  they  are  dis* 
•otved  as  such,  or  whether  they  may  not  be  converted,  by  decompo- 
rfdon  of  water,  into  the  hydriodate,  hydrosulphate,  and  hydrocyanate 
of  potassa.  This  question  would  at  once  be  decided,  could  it  be 
•seertained  whether  water  is  or  is  not  decomposed  during  the  process 
of  solution;  but  this  is  the  precise  point  of  difficulty,  since,  from  the 
opeiation  of  the  laws  of  chemical  union,  no  disengagement  of  gas 
does  or  can  take  place  by  which  the  occurrence  of  such  a  change  may 
fat  indicated.  Chemists,  accordingly,  being  guided  by  probabilities, 
are  divided  in  opinion,  and  I  shall,  therefore,  give  a  brief  statement  of 
both  views,  with  the  arguments  in  favour  of  each. 

According  to  one  view,  then,  the  chloride  of  potassium  and  all 
rimilir  compounds  dissolve  in  water  without  undergoing  any  other 
change*  and  are  deposited  in  their  original  state  by  crystallization. 
When  any  hydracid,  such  as  muriatic  orhydriodic  acid,\a  mv\«^mV!ti 
iKMaasa  or  any  almihr  meUlUc  oxidey  the  acid  and  Ba\\&'a\A^\>%&^  ^^ 
^i  unite,  M9  bappeoB  ia  other  cases ;  but  the  oxyi^eu  ol  ^«  ^iXdA 
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eombines  with  the  hydrogen  of  the  acid,  and  the  metal  itaelf  with  tk 
radical  of  the  hydracid.  This  kind  of  double  decompoaition  unqna^ 
tionably  takes  place  in  some  instances,  as  when  sulphuretted  hydro- 
gen acts  upon  a  salt  of  lead,  the  insoluble  sulphuret  of  lead  being 
actually  precipitated ;  but  it  is  also  by  some  thoug^ht  to  occur  evH 
when  the  transparency  of  the  solution  is  undisturbed.  According  to 
this  view,  muriate  of  potaasa,  and  the  salts  of  the  hydracids  in  ga» 
ral  have  no  existence.  When  nitrato  of  the  oxide  of  silver  li  adds! 
to  a  solution  of  the  chloride  or  cyanuret  of  potassium,  metallic  sUnr 
unites  with  chlorine  or  cyanogen,  while  the  oxygen  of  the  oxide  of 
silver  combines  with  potassium ;  so  that  nitrate  of  potassa,  and  eUi' 
ride  or  cyanuret  of  silver  are  generated.  On  adding  anlphuric  add  to 
a  solution  of  the  chloride  of  potassium,  instantaneoua  production  rf 
muriatic  acid  and  potassa  ensues,  in  consequence  of  water  betogdi^ 
composed,  and  yielding  its  hydrogen  to  chlorine,  and  its  ozygpato 
potassium ;  and  this  explanation  is  justified  by  the  circurastaDoe,  titot 
the  same  change  is  admitted  to  occur  when  concentrated  aulptaik 
acid  is  brought  into  contact  with  solid  chloride  of  potasainra.  Itk 
further  believed  that  the  crystallized  muriates  of  lime,  baryta,  nd 
strontia,  which  contain  water  or  its  elements,  are  metidlic  ehMdH 
combined  with  water  of  crystallization ;  and  the  same  ^w  ii  appM 
to  all  analogous  compounds. 

According  to  the  other  view,  chloride  of  potassiam  is  converted  into 
muriate  of  potassa  in  the  act  of  dissolving ;  and  when  the  si^tioD  if 
evaporated,  the  elements  existing  in  the  salt  reunite  at  the  ■•- 
ment  of  crystallization,  and  crystals  of  the  chloride  of  potassima  lie 
deposited.  The  same  explanation  applies  in  all  cases,  when  the  salt 
of  a  hydracid  crystallizes  without  retaining  the  elements  of  water.  Of 
those  compounds,  which  in  crystallizing  retain  water  or  its  elements  io 
combination,  two  opinions  may  be  formed.  Thus  crystallized  mnriats 
of  baryta,  which  consists  of  one  equivalent  of  chlorine,  one  of  lniiaiii« 
two  of  oxygen,  and  two  of  hydrogen,  may  be  regarded  as  a  compooad 
either  of  muriate  of  baryta  with  one  equivalent  of  water  of  ciystalUB* 
tion,  or  of  chloride  of  barium  with  two  equivalents  of  water.  Wbsi 
exposed  to  heat,  two  proportionals  of  water  are  expelled,  and  ehknide 
of  barium  is  left.  When  nitrate  of  the  oxide  of  silver  is  mixed  in  soki* 
tion  with  muriate  of  potassa,  the  oxygen  of  the  oxide  of  silver  miilM 
with  the  hydrogen  of  the  muriatic  acid  ;  chloride  of  silver  is  predpi' 
tated,  and  nitrate  of  potassa  remains  in  the  liquid.  On  adding  iw 
phuric  acid  to  a  muriate,  muriatic  acid  is  simply  displaced,  as  whaa 
carbonic  acid  in  marble  is  separated  from  lime  by  the  action  of  nitdc 
acid. 

On  comparing  these  opinions  it  is  manifest  that  both  are  consisttnt 
with  well  known  atHnitics.  When,  for  example,  a  metallic  chloride 
is  dissolved  in  water,  the  attraction  of  chlorine  for  the  metal,  and  that 
of  oxygen  for  hydrogen,  tend  to  prevent  chemical  change;  bat  the 
affinities  of  the  metal  for  oxygen,  of  chlorine  for  hydrogen,  and  of 
muriatic  acid  for  metallic  oxides,  co-operate  in  determining  the  deeoBi' 
position  of  water,  and  the  production  of  a  muriate.  Neither  view  has 
materially  the  advantage  in  point  of  simplicity ;  for  while  some  plw- 
nomena  are  more  simply  explained  by  one  mode  of  reasoning,  othersare 
more  easily  explicable  according  to  the  other.  It  is  certainly  an  ob- 
jection  to  the  second  view,  that  it  supposes  the  frequent  decomposi- 
tion and  reproduction  of  water,  without  there  being  any  direct  proof 
of  its  occurrence  *,  for  the  aoVuUon  of  chlorides  and  similar  compounds 
often  fakes  place,  even  w\\\\owl  ^vft«t\^%^<&m«cv\.  ^^  ^.•^VKie.  Theei^ 
cu/ijs/ancus  which  may  be  menlKone^  ^«  v^'^ci^xxti^  V^  vaiQ^K^Ub^^W 
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eompoiitioii  of  wttor,  are  the  following: — 1.  The  solution  of  some 
compomidf,  luch  ae  ralphuret  and  cyanuret  of  potassium,  actually 
emit  an  odour  of  sulphuretted  hydrogen  and  hydrocyanic  acid.    2. 
Other  compounds,  such  as  the  chlorides  of  copper,  cobalt,  and  nicliel, 
inataBtly  acquire,  when  put  into  water,  the  colour  peculiar  to  the  salts 
of  the  oxides  of  those  metals.    3.  The  solution  of  protochloride  of 
iion,  like  the  protosulphate,  absorbs  oxygen  from  the  atmosphere ; 
ind  this  eflfoct  could  scarcely  be  expected  to  occur,  unless  the  pro- 
Undde  of  iron  were  contained  in  the  liquid.    4.  In  some  instances 
there  is  direct  proof  of  decomposition  of  water.    Thus  when  sulphuret 
of  elaminium  is  put  into  that  fluid,  alumina  is  generated   and  sulphu- 
letted  hydrogen  gas  disengaged  with  effervescence.    In  like  manner 
the  chloride  and  sulphuret  of  silicium  are  converted  by  water  into 
sHicB,  end  muriatic  acid  and  sulphuretted  hydrogen.    In  these  cases 
tlie  want  of  affinity  between  the  new  compounds  causes  their  separa- 
tlon*  amd  thus  affords  direct  proof  that  water  is  decomposed.    But  the 
effiiUtles  which  produce  this  change  do  not  appear  so  likely  to  be  ef- 
fective»  as  those  which  are  in  operation  when  the  chloride  of  potassi- 
am  is  out  into  water;  especially  when  it  is  considered  that  the  attrac- 
tion Of  chlorine  for  hydrogen,  and  potassium  for  oxygen,  is  aided  by 
that  of  the  resulting  acid  and  oxide  for  each  other.    5.  The  last  argu- 
ment I  shall  mention  in  favour  of  this  opinion,  is  founded  on  the 
production  of  the  hydrocarburet  of  iodine  by  the  mutual  action  of 
potassa*  iodine,  and  alcohol,  as  observed  by  M.  Seruilas.  (page  237.) 
It  was  stated  at  page  212,  that  when  potassa  acts  on  iodine,  iodic  and 
hydriodic  acids  are  generated  by  decomposition  of  water,  and  the 
eolodon  contains  the  iodate  and  hydriodate  of  that  alkali.    But  If  the 
existence  of  the  ^hydriodate  of  potassa  be  denied,  the  only  consistent 
explanation  of  the  phenomena  is,  that  the  elements  of  potassa  unite 
with  separate  portions  of  iodine,  producing  iodic  acid,  which  unites 
with  undecoroposed  potassa,  and  iodide  of  potassium.    According  to 
Uhs  Tiewy  water  is  not  decomposed  at  all;  whereas  the  process  of  M. 
Serallas  does  not  seem  explicable  except  by  the  decomposition  of 
water. 

The  first  argument  is  not  perhaps  to  be  trusted,  because  the  pro- 
duction of  sulphuretted  hydrogen  and  hydrocyanic  acid  is  probably 
occasioned  by  the  carbonic  acid  of  the  atmosphere.  The  four  latter, 
thoojrii  not  amounting  to  demonstration,  give  a  high  degree  of  pro- 
bahiUty  to  the  existence  of  salts  of  muriatic  and  hydriodic  acid ;  and 
if  this  he  admitted,  the  same  view  may  be  extended  to  other  hydracids. 
Ihis  opinion,  which  is  preferred  by  most  chemists,  except  by  Berze- 
llosSand  his  pupils,  is  adopted  in  the  present  work.  Considering  how 
much  the  affinity  of  metals  for  oxygen,  and  of  the  radicals  of  the  hy- 
dracids for  hydrogen,  differs  in  force,  it  is  likely  that  some  of  the 
chlorides  and  similar  compounds  dissolve  without  change,  while 
others  give  rise  to  decomposition  of  water.  But  as  in  general  chem- 
ists possess  no  means  of  determining  the  nature  of  the  change  in  par- 
ticular instances,  I  have  thought  it  would  be  most  consistent  to  apply 
the  same  view  to  all,  except  in  some  special  cases  when  the  contrary 
is  mentioned. 

Chemists  are  acquainted  with  several  metallic  phosphurets ;  and  it  is 
prolMble  that  phosphorus,  like  sulphur,  is  capable  of  uniting  with  |n 
tlie  metals.  Little  attention,  however,  has  hitherto  been  devoted  to 
tliese  compounds ;  and  for  the  greater  part  of  our  knowled^^  cotkRftrci- 
tef  them  we  are  Indebted  to  toe  researches  of  PeUeWei.  V^iwii,  ^& 
Cfioife,  roh  L  Mad  xW.) 
Y 
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The  metmllic  phosphurets  may  be  prepared  in  leTeral  wayi.   Vm  < 
moft  direct  method  if  by  bringing  phosphonif  in  contact  with 


at  a  high  temperature,  or  what  amounts  to  the  same  thing,  by'ignttii| 
metals  in  contact  with  phosphoric  acid  and  charcoal.    SeTerafof  Ai 
phosphurets  may  be  formed  by  passing  a  current  of  pfaosphuretted  lif 
drogen  gas  over  metallic  oxides  heated  to  redness  in  a  porcelain  Um.  k 
Water  is  generated,  and  a  phosphuret  of  the  metal  remains.   |f  t. 
similar  treatment  the  chlorides  and  sulphurets  of  many  metals  may  li  "^ 
decomposed,  and  phosphurets  formed,  provided  the  metal  is  capsbb 
of  retaining  phosphorus  at  a  red  heat.    According  to  Professor  am 
the  phosphurets  of  copper,  nickel,  cobalt,  and  iron  are  the  only  OM 
which  admit  of  bein^  advantageously  prepared  by  this  method.  (P» 
gendofifs  Anualen,  vi.  205.)    When  chlorides  are  employed,  moriaflB 
acid  gas,  and  when  sulphurets  sulphuretted  hydrogen  gas,  is  of  cooai 
generated. 

Phosphorus  unites  also  with  some  of  the  metallic  oxides.  Hi 
phosphurets  of  lime  and  baryta,  for  example,  may  be  made  by  coadotl' 
ing  the  vapour  of  phosphorus  over  those  earths  at  a  red  heat. 

Tlie  only  metallic  carburets  of  importance  are  those  of  iron,  whldi 
will  be  described  in  the  section  on  that  metal. 

Hydrogen  unites  with  few  metals.  The  only  metallic  hydrogonli 
known  are  those  of  zinc,  potassium,  arsenic,  and  tellurium.  No  eoih 
pound  of  nitrogen  add  a  metal  has  hitherto  been  discovered. 

The  discoveries  of  modem  chemistry  have  materially  added  to  As 
number  of  tho  metals,  especially  by  associating  with  them  a  cIm 
of  bodies  which  was  formerly  believed  to  be  of  a  nature  entirely 
different.  The  metallic  bases  of  the  alkalies  and  earths,  previous  to 
the  year  1807,  were  altogether  unknown  ;  and  before  ihat  date,  (ha 
list  of  metals,  with  few  exceptions,  included  those  only  which  are 
commonly  employed  in  the  arts,  and  which  are  hence  often  called 
the  common  metals.  In  consequence  of  this  increase  in  number,  it  if 
found  convenient  for  the  purpose  of  description,  to  arrange  them  io 
separate  groups ;  and  as  the  alkalies  and  earths  differ  in  several  re- 
spects from  the  oxides  of  other  metals,  it  will  be  convenient  to  des- 
cribe them  separately.  I  have  accordingly  divided  the  metals  into 
the  two  following  classes : — 

Class  I.  Metals,  which  by  oxidation  yield  alkalies  or  earths. 
Class  II.  Metals,  the  oxides  of  which  are  neither  alkalies  norearthf. 
Class  I.  This  class  includes  12  metals,  which  may  properly  be  v- 
ranged  in  three  orders. 

Order  1.  Metallic  bases  of  the  alkalies.  They  are  three  in  number; 
namely. 

Potassium,  Sodium,  Lithium, 

These  metals  have  such  a  powerful  attraction  for  oxygen,  that  it 
common  temperatures  they  decompose  water  at  the  moment  of  €0* 
tact,  and  are  oxidized  with  disengagement  of  hydrogen  gas.  The  re- 
sulting oxides  are  distinguished  by  their  causticity  and  solubility  in 
water,  and  by  possessing  alkaline  properties  in  an  eminent  degree. 
They  are  called  alkalies,  and  their  metallic  bases  are  sometimes  term- 
ed alkaline  or  alkaligenous  metals. 

Order  2.  Metallic  bases  of  the  alkaline  earths.  These  are  four  in 
number ;  namely, 

Bjmum,  Strontium,  Calcium,  Magnesiom. 

These  metals,  like  the  piecedin^,  de^om^oae  water  rapidly  at  com- 

aoo  f emperttnrea.    The  teBuV\!in|^  ox\^«i  ^c^  tui&!^  dUwi\»wt  tm(h» ; 
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ate  wbfle  in  their  appearance  they  resemble  the  eartlis,  they  are 

Inr  to  die  alkalies  in  iiaving  a  strong  alkaline  reaction   with 

paper,  and  in  neutralizing  acids.    The  three  first  are  stronsly 

iCf  and  Imryta  and  strontia  are  soluble  in  water  to  a  considerable 

It. 

ler  8.  Metallic  bases  of  the  earths.    These  are  five  in  number ; 

Aluminhmi,  Yttrium,  Silicium. 

Oiuclniiun,  Zirconium, 

fte  oxides  of  tliese  metals  are  well  known  as  the  pure  earths. 
f  mro  white  aind  of  an  earthy  appearance,  in  their  ordinary  state 
[ulte  insoluble  in  water,  and  do  not  affect  the  colour  of  turmeric 
mns  paper.  As  salifiable  bases  they  are  inferior  to  the  alkaline 
s.  Silica  is  even  considered  by  several  chemists  as  an  acid, 
its  chemical  relations  appear  to  justify  the  opinion.  For  reasons 
a  mfterwards  mentioned,  the  propriety  of  placing  silicium  among 
aaetaU  is  exceedingly  doubtful. 

i«A8s  II.  The  number  of  the  metals  included  in  this  class  amounts 
3.  Tbey  are  all  capable  of  uniting  with  oxygen,  and  generally  in 
B  than  one  proportion.  Their  protoxides  have  an  earthy  appear- 
,  but  with  few  exceptions  are  coloured.  They  are  insoluble  in 
tr,  and  in  general  do  not  affect  the  colour  of  test  paper.  Most  of 
I  act  as  salifiable  bases  in  uniting  with  acids,  and  forming  salts ; 
in  this  respect  they  are  much  inferior  to  the  alkalies  and  alkaline 
IB,  by  which  they  may  be  separated  from  their  combinations. 
tral  of  these  metals  are  capable  of  forming  with  oxygen  com- 
idiy  which  possess  the  characters  of  acids.  The  metals  in  which 
property  has  been  noticed  are  manganese,  arsenic,  chromium, 
fbdenum,  tungsten,  antimony,  columbium,  titanium,  tellurium, 
cold. 

M  metals  belonging  to  the  second  class  may  be  conveniently  ar- 
;ed  in  the  three  following  orders : — 

rder  1.  Metals  which  decompose  water  at  a  red  heat.  They  are 
in  number;  namely. 

Manganese,  Zinc,  Tin. 

Iron,  Cadmium, 

rder  2.    Metals  which  do  not  decompose  water  at  any  tempera- 
,  and  (he  oxides  of  which  are  not  reduced  to  the  metallic  state  by 
lole  action  of  heat.    Of  these  there  are  fifteen  in  number,  namely. 
Arsenic,  Antimony,  Bismuth, 

Chromium,  Uranium,  Titanium, 

Molybdenum,  Cerium,  Tellurium, 

Tungsten,  Cobalt,  Copper, 

Columbium,  Nickel,  Lead, 

tder  S.  Metals,  the  oxides  of  which  are  decomposed  by  a  red 
t.    These  are 

Mercury,  Platinum,  Osmium, 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium, 
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CLASS  I. 

METALS,  WHICH  BY  OXIDATION  YIELD 
ALKALIES  OR  EARTHS. 

ORDER  I. 

METALUC  BASES  OF  THE  ALKALIES. 


SECTION   I. 

POTASSIUM. 

Potassium  was  discovered  in  the  year  1807  by  Sir  H.  Davy,  ud 
the  circumstances  which  led  to  the  discovery  have  already  been  de- 
scribed. (Page  90.)  It  was  prepared  by  that  philosopher  by  causiog 
the  hydrate  of  potassa,  slightly  moistened  for  the  purpose  of  iocreis- 
ing  its  conducting  power,  to  communicate  with  the  opposite  poles  of 
a  galvanic  battery  of  200  double  plates ;  when  the  oxygen  both  of  the 
water  and  the  potassa  passed  over  to  the  positive  pole,  while  the  by* 
drogen  of  the  former,  and  the  potassium  of  the  latter,  made  their  ap- 
pearance at  the  negative  wire.  By  this  process,  potassium  is  obtaiQ* 
ed  in  small  quantity  only ;  but  Gay-Lussac  and  Thenard  invented  a 
method  by  which  a  more  abundant  supply  may  be  procured.  (Re* 
cherches  Pbysico-Chimiques,  vol.  i.)  Their  process  consists  in  bring- 
ing fused  hydrate  of  potassa  in  contact  with  turnings  of  iron  heated  to 
whiteness  in  a  gun- barrel.  The  iron,  under  these  circumstaoees, 
deprives  the  water  and  potassa  of  oxygen,  hydrogen  gas  combined 
with  a  little  potassium  is  evolved,  and  pure  potassium  sublimes,  and 
may  be  collected  in  a  cool  part  of  the  apparatus. 

Potassium  may  also  be  prepared,  as  first  noticed  by  M.  CuraudaUi 
by  mixing  dry  carbonate  of  potassa  with  half  its  weight  of  powder- 
ed charcoal,  and  exposing  the  mixture,  contained  in  a  gun-barrel,  or 
spheroidal  iron  bottle,  to  a  strong  heat.  An  improvement  on  both 
processes  has  been  made  by  M.  Brunner,  who  decomposes  potassa  by 
means  of  iron  and  charcoal.  From  eight  ounces  effused  carbonate  of 
potassa,  six  ounces  of  iron  filings,  and  two  ounces  of  charcoal,  mixed 
intimately  and  heated  in  an  iron  bottle,  he  obtained  140  grains  of  pot- 
assium. (Quarterly  Journal,  xv.  379.)  Berzelius  has  observed  that  the 
potassium  thus  made,  though  fit  for  all  the  uisual  purposes  to  wbichit 
is  applied,  contains  a  minute  quantity  of  carbon  ;  and,  therefore,  if  rO" 
quired  to  be  quite  pure,  must  be  rendered  so  by  distillation  in  a  retort 
of  iron  or  green  glass.  A  modification  of  this  process  has  been  since 
described  by  Wohler,  who  effects  the  decomposition  of  the  potaisa 
solely  by  means  of  chaTcoa\.    TYl^  ina\.«i\a\  om^loyed  for  the  pwpoM 
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nate  of  potassa,  prepared  by  heating  cream  of  tartar  to  redness 
'ered  crucible.  (Poggendorflfs  Annalen,  iv.  23.) 
slum  is  solid  at  the  ordinary  temperature  of  the  atmosphere. 
it  is  somewhat  fluid,  though  its  nuidity  is  not  perfect  till  it  is 
to  150°  F.  At  50''  it  is  soft  and  malleable,  and  yields  like 
:he  pressure  of  the  fingers ;  but  it  becomes  brittle  when  cooled 
r.  It  sublimes  at  a  red  heat  without  undergoing  any  change, 
d  the  atmospheric  air  be  completely  excluded.  Its  texture  is 
Lne,  as  may  be  seen  by  breaking  it  across  while  brittle.  In 
and  lustre,  it  is  precisely  similar /to    mercury.    At  60**  its 

is  0.865,  so  that  it  is  considerably  lighter  than  water.  It  is 
»ake,  and  is  a  good  conductor  of  electricity  and  caloric.  ' 
nost  prominent  chemical  property  of  potassium  is  its  affinity  for 
gas.  It  oxidizes  rapidly  in  the  air,  or  by  contact  with  fluids 
contain  oxygen.  On  this  account  it  must  be  preserved  either 
!  tubes  hermetically  sealed,  or  under  the  surface  of  liquids, 

naphtha,  of  which  oxygen  is  not  an  element*.  If  heated  in 
;d  air,  it  takes  fire,  and  bums  with  a  white  flame  and  great 
>n  of  caloric.  It  decomposes  water  on  the  instant  of  touching 
so  much  heat  is  disengaged,  that  the  potassium  is  inflamed, 
ns  vividly  while  swimming  upon  its  surface.  The  hydrogen 
rith  a  little  potassium  at  the  moment  of  separation ;  and  this 
Bd  takes  fire  as  it  escapes,  and  thus  augments  the  brilliancy 
ombustion.  When  potassium  is  plunged  under  water,  violent 
I  ensues,  but  without  the  emission  of  light,  and  pure  hydro- 
1 18  evolved. 

Oxides  of  Potassium. 

lalum  unites  with  oxygen  in  two  proportions.  The  protoxide, 
»Dly  called  pottuh  otpotassa,  is  always  formed  when  potassium 
ito  water,  or  when  it  is  exposed  at  common  temperatures  to  dry 
•zygen  gas.  By  the  first  method  the  protoxide  is  obtained  in 
ation  with  water ;  and  in  the  latter,  it  is  anhydrous.  In  perform* 
last  mentioned  process,  the  potassium  should  be  cut  into  very 
ees  ;  for  otherwise  the  oxidation  is  incomplete.  The  product, 
Mrtially  oxidized,  was  once  suspected  to  be  a  distinct  oxide ; 
I  now  admitted  to  be  a  mixture  of  potassa  and  potassium, 
statsa  is  the  protoxide  of  potassium,  it  is  supposed  to  contain 
m  of  each  of  its  elements.  Its  composition  is  best  determined 
acting  and  measuring  the  quantity  of  hydrogen  which  is  evolv- 
n  potassium  is  pluneed  under  water.  From  the  experiments 
I.  Davy,  and  Gay*Lussac  and  Thenard,  it  appears  that  forty 
>f  potassium  decompose  precisely  nine  grains  of  water;  and 
aOe  one  grain  of  hydrogen  escapes  in  the  gaseous  form,  the 
ending  eight  grains  of  oxygen  combine  with  the  metal.  The 
de  of  potassium  is,  therefore,  composed  of 


r  Darand,  Pharmaceutist  of  Philadelphia,  has  ascertained  that 
ential  oil  of  copaiba  is  a  good  liquid  for  the  preservation  of  pot« 
.  I  have  used  it  for  this  purpose  for  more  than  a  year,  and 
itisfied  myself  that  it  is  much  superior  to  the  ordinary  naphtha, 
ghtness  of  the  metal  is  but  slightly  Impaired,  while  in  oaphtha« 
net  covered  with  a  blackish  film.  Several  cheiE&aVa  Yivi^ ^aai^ 
60  tb0  reeommeadaUon  ofBlr  Durand,  ftnd  ?r\Oi  wSColUftVvci 

"J 
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.  Pottuium  .  40,  or  one  ecpilTalenC. 

Oxygen  .  8,  or  one  equivalent, 

tnd  its  equivalent  is  48. 

When  potaasium  bums  in  the  open  air  or  in  oxygen  gas,  it  is 
Terted  into  an  orange-coloured  substance,  which  is  the  peroxi 
potassium.  It  may  likewise  be  formed  by  conducting  oxyge 
over  potassa  at  a  red  heat*.  When  this  peroxide  is  put  into  w> 
is  resolved  into  oxygen  and  potassa,  the  former  of  which  escapes 
effervescence,  and  the  latter  is  dissolved.  According  to  Qvy 
sac  and  Thenard,  it  consists  of 

Polassidm        .  40,  or  one  equivalent. 

Oxygen  .  24,  or  three  equivalents. 

Anhydrous  potassa  may  be  prepared  either  by  the  slow  oxida( 

potassium,  as  already  mentioned,  or  by  decomposing  nitrate  of  p 

by  a  red  heat  in  a  vessel  of  gold.    In  its  pare  state,  it  is  a  whit( 

substance,  highly  caustic,  which  fuses  at  a  temperature  som 

above  that  of  redness,  and  bears  the  strongest  heat  of  a  wind  A 

without  being  decomposed  or  volatilized.    It  has  a  powerful  i 

for  water,  and  intense  heat  is  disengaged  dufing  the  act  of  eoi 

tion.    With  a  certain  portion  of  that  liquid,  it  forms  a  solid  b] 

the  elements  of  which  are  united  by  an  affinity  so  energetic,  t* 

degree  of  heat  hitherto  employed  can  effect  their  separation. 

substance  was  long  regarded  as  the  pure  alltali,  but  it  is  in  reali 

hydrate  of  potassa.    It  is  composed  of  48  parts  or  one  equival 

potassa,  and  9  parts  or  one  equivalent  of  water. 

The  hydrate  of  potassa  is  solid  at  common  temperatures.    I( 

at  a  heat  rather  below   redncjis,  and  assumes  a  somewhat  ci 

line  texture  in  cooling.     It  is  highly  deliquescent,  and  requires 

half  its  weight  of  water  for  solution.     It  is  soluble,  likewise,  in  al 

It  destroys  all  animal  textures,  and  on  this  account  is  emplo 

surgery  as  a  caustic.     It  was  formerly  called  lapis  eaustieus^  b 

now  termed  potassa  and  potassa  fusa  by  the  Colleges  of  Edii 

and  London.    This  preparation  is  made  by  evaporating  the  a* 

solution  of  potassa  in  a  silver  or  clean  iron  capsule  to  the  cons; 

of  oil,  and  then  pouring  it  into  moulds.     In  this  state  it  is  i 

containing  oxide  of  iron,  together  with  the  chloride  of  potassio 

carbonate  and  sulphate  of  potassa.     It  is  purified  from  these  subi 

by  dissolving  it  in  alcohol,  and  evaporating  the  solution  to  thi 


*  Peroixde  of  potassium  may  be  more  readily  obtained  by 
ing  nitrate  of  potassa  to  a  red  heat,  so  long  as  gaseous  matter  is 
ed.  Dr  Bridges  of  Philadelphia  ascertained  this  fact  in  the  s] 
1S27,  while  investigating  the  nature  of  the  gaseous  matter  gr 
on  the  addition  of  water,  from  the  residuum  of  nitre,  after  exp( 
an  iron  bottle  to  a  red  heat.  This  matter  proved  to  consist  ( 
gen  nearly  pure,  and  the  residuum  was  converted  into  asolutio 
drate  of  potassa.  These  results  evidently  prove,  that  the  resid 
question  consists  of  peroxide  of  potassium,  mixed,  perhaps, 
certain  quantity  of  dry  potassa.  Dr  Bridges  suggests  that  the  c 
ment  of  this  residuum  might  prove  convenient  to  the  chemist  for 
ing  oxygen  extemporaneously,  as  it  would  be  necessary  only 
water  in  order  to  obtain  the  gas.  J^Torth  American  Me^ 
Sytvieal  Journal^  ▼.  241. 
About  the  same  time  lYial'Dt  l&t\^^<^«TQv^«i  \lv«  above  obser 

Mlmihr  ooes  were  made  Yyy  Mi  ¥h\\\\v«  Vck  l^^ni^^^,    Aivi\«U  < 

osophy^  JlpryX  1827.  B. 


Potassium. 


283 


extent  as  before,  in  t  silver  vessel.  The  operation  should  be  perform- 
ed expeditiously,  in  order  to  prevent,  as  far  as  possible,  the  absorption 
of  carbonic  acid.  When  the  common  caustic  potassa  of  the  druggists 
is  dissolved  in  water,  a  number  of  small  bubbles  of  gas  are  disengaged, 
which  are  pure  oxygen.  Mr  Graham  finds  its  quantity  to  be  variable 
in  different  specimens,  and  to  depend  apparently  on  the  impurity  of 
Uie  specimen. 

The  aqueous  solution  of  potassa,  the  aqua  potasscp  of  the  Pharma- 
copceia,  is  prepared  by  decomposing  carbonate  of  potassa  by  lime. 
To  effect  this  object  completely,  it  is  advisable  to  employ  equal  parts 
of  quicklime  and  carbonate  of  potassa.  After  slaking  the  lime  In  an 
iron  vessel,  the  carbonate  of  potassa,  dissolved  in  its  own  weight  of 
hot  water,  is  added,  and  the  mixture  boiled  briskly  for  about  ten 
minutes.  The  liquid,  after  subsiding,  is  filtered  through  a  funnel,  the 
throat  of  which  is  obstructed  by  a  piece  of  clean  linen.  This  process 
is  founded  on  the  fact  that  lime  deprives  carbonate  of  potassa  of  its 
acid,  forming  an  insoluble  carbonate  of  lime,  and  setting  the  pure  alkali 
at  liberty.  If  the  decomposition  is  complete,  the  filtered  solution 
should  not  effervesce  when  neutralized  with  an  acid. 

As  pure  potassa  absorbs  carbonic  acid  rapidly  when  freely  exposed  to 
the  atmosphere,  it  is  desirable  to  filter  its  solution  in  vessels  contain- 
ing  as  small  a  quantity  of  air  as  possible.  This  is  easily  effected  by 
means  of  the  filtering  apparatus  devised  by  Mr  Donovan.  It  consists 
of  two  vessels  A  and  D,  of  equal  capacity,  and  connected  with  each 
other  as  represented  in  the  annexed  wood 
cut.  The  neck  b  of  the  upper  vessel  con- 
tains a  tight  cork,  perforated  to  admit  one 

end  of  the  glass  tube  e,  and  the  lower  ex- 
tremity of  the  same  vessel  terminates  in  a 

funnel  pipe,  which  fits  into  one  of  the  necks  of 

the  under  vessel  D  by  grinding,  luting,  or  by 

a  tifi(ht  cork.    The  vessel  D  is  furnished  with 

tnother  neck  e,  which  receives  the  lower  end 

of  the  tube  e,  the  junction  being  secured  by 

means  of  a  perforated  cork,  or  luting.    The 

throat  of  the  funnel  pipe  is  obstructed  by  a 

piece  of  coarse  linen  loosely  rolled  up,  and 

not  pressed  down  into  the  pipe  itself.    The 

solution  is  then  poured  in  through  the  mouth 

at  b,  the  cork  and  tube  having  been  removed ; 

and  the  first  droppings,  which  are  turbid,  are 

not  received  in  the  lower  vessel.    The  parts 

of  the  apparatus  are   next  Joined  together, 

and  the  filtration  may  proceed  at  the  slowest 

rate,  without  exposure  to  more  air  than  was 

contained  in  the  vessels  at  the  beginning  of 

the  process.    This  apparatus  should  be  made 

of  green  in  preference  to  white  glass,  as  the 

pure  alkalies  act  on   the  former  much  less 

than  on  the  latter.    (Annals  of  Philosophy, 

xxvi.  115.) 
The  mode  by  which  this  apparatus  acts  scarcely  needs  explanation. 

In  Older  that  the  liquid  should  descend  freely,  two  conditions  are  re* 

quired ; — first,  that  the  air  above  the  liquid  should  have  the  eMii<d  ^Vm- 

tic  force,  and  therefore  exert  the  same  pressure,  a«  th^l  \m\o^\  wA, 

•eeopdlv;  as  jute  meena  of  securing  the  first  coudUVoik.  VY\%V  V\v*  ^ 

tbould  here  free  egress  from  the  lower  vessel.    BoXVi  o\>i«ft\»A>'^ 
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miDifest,  are  accomplished  in  the  filtering  apparatus  of  Mr  DonoTan ; 
iioce  for  every  drop  of  liquid  which  descends  from  the  upper  to  the 
tower  Tessel,  a  correspondiog  portion  of  air  passes  along  the  tubce 
from  the  lower  vessel  to  the  upper. 

The  solution  of  potassa  is  highly  caustic,  and  its  taste  intensely 
acrid.  It  possesses  alkaline  properties  in  an  eminent  degree,  convert- 
ing  the  vegetable  blue  colours  to  green,  and  neutralizing  the  strongest 
acids.  It  absorbs  carbonic  acid  gas  rapidly,  and  is  consequently  eiD« 
ployed  for  withdrawing  that  sulMtance  from  gaseous  mixtures.  For 
the  same  reason  it  should  he  preserved  in  well-closed  bottles,  that  it 
may  not  absorb  carbonic  acid  from  the  atmosphere. 

Potassa  is  employed  as  a  re-agent  in  detecting  the  presence  of  bodiei, 
and  in  separating  them  from  one  another.  The  solid  hydrate,  owing 
to  its  strong  affinity  for  water,  is  used  for  depriving  gases  of  hygro- 
metic  moisture,  and  is  admirably  fitted  for  forming  frigorifie  mizturei. 
(Page  53.) 

Potassa  may  be  distinguished  from  all  other  substances  by  the  fol- 
lowing characters.  1.  If  tartaric  acid  he  added  in  excess  to  a  salt  of 
potassa  dissolved  in  water,  and  the  solution  be  stirred  with  a  glass  rod, 
a  white  precipitate,  the  bitartrate  of  potassa,  soon  appears,  which  forau 
peculiar  white  streaks  upon  the  glass  by  the  pressure  of  the  rod  in 
stirring.  2.  A  solution  of  muriate  of  platinum  causes  a  yellow  preci- 
pitate, the  muriate  of  platinum  and  potassa.  This  is  the  most  delicate 
test,  provided  the  mixture  be  gently  evaporated  to  dryness,  and  a  little 
cold  water  be  afterwards  added.  The  muriate  of  platinum  and  potassa 
then  remains  in  tlic  form  of  small  shining  yellow  crystals.  3.  By  be- 
ing precipitated  by  no  other  substance. 

Chloride  of  Potassium. — Potassium  takes  fire  spontaneously  in  an 
atmosphere  of  chlorine,  and  burns  with  greater  brilliancy  than  in  oxy- 
gen gas.  This  chloride  is  also  generated  when  potassium  is  heated  in 
muriatic  acid  gas,  hydrogen  being  evolved  at  the  same  time.  It  is 
the  residue  of  the  decomposition  of  chlorate  of  potassa  by  heat ;  and  it 
is  obtained  in  the  form  of  colouriess  cubic  crystals,  when  a  solution  of 
the  muriate  of  potassa  evaporates  spontaneously. 

Chloride  of  potassium  has  a  saline  and  rather  bitter  taste.  It  re- 
quires three  parts  of  water  at  60^  F.  for  solution,  and  is  rather  more 
soluble  in  hot  water.  Its  solution  probably  contains  the  muriate  of 
potassa.  (Page  275.)  It  is  composed  of  36  parts,  or  one  equiva- 
lent of  chlorine,  and  40  parts,  or  one  equivalent  of  potassium. 

Iodide  of  Potassium. — This  compound  is  formed  with  emission  of 
light,  when  potassium  is  heated  in  contact  with  iodine.  It  may  like- 
wise be  obtained  by  means  of  heat  from  the  iodate,  and  by  crystalli- 
zation from  the  hydriodate  of  potassa.  It  fuses  readily  when  heated, 
and  is  volatilized  at  a  temperature  below  redness.  It  deliquesces  in  a 
moist  atmosphere,  and  is  very  soluble  in  water.  It  dissolves  also  la 
strong  alcohol;  and  the  solution,  when  gently  evaporated,  yields 
small  colouriess  cubic  crystals  of  the  iodide  of  potassium.  It  is  com- 
posed of  124  parts,  or  one  equivalent  of  iodine,  and  40  parts,  or  one 
equivalent  of  potassium. 

Hydrogen  and  Potassium. — These  substances  unite  in  two  pro- 
portions, forming  in  one  case  a  solid,  and  in  the  other  a  gaseous 
compound.  The  latter  is  produced  when  hydrate  of  potassa  if 
decomposed  by  iron  at  a  white  heat,  and  it  appears  also  to  lie  gener- 
ated when  potassium  bums  on  the  surface  of  water.  It  InliaMi 
spontaneously  in  air  or  oxyf^eik  ^^\  bwX.  ou  standing  for  some  boofi 
over  mercury,  the  gceatet  vakit»  Uixo\.^«  ^\m\a  '"**^-^-iiaainni.'' 
deported. 
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Tbe  folid  hvdiogarpt  of  potassium  was  made  by  Gay-Lussac  and 
Thenard,  by  heating  potassium  in  bydrogeo  gas.  It  is  a  gray  solid 
substancd,  which  is  readily  decomposed  by  heat  or  contact  with 
water.    It  does  not  inflame  spontaneously  in  oxygen  gas. 

StUphuret  ofPotofHum. — Sulphur  unites  readily  with  potassium 
by  the  aid  of  heat ;  and  so  much  caloric  is  evolved  at  the  moment  of 
combination,  that  the  mass  becomes  incandescent.  The  best  method 
of  obtaining  a  sulphuret  in  definite  proportion  is  by  decomposing 
sulphate  of  potassa  according  to  the  process  of  Berthier  or  Berzelius. 
(Page  274.)  This  sulphuret  is  composed  of  16  parts,  or  one  equivalent 
of  sulphur,  and  40  parts,  or  one  equivalent  of  potassium.  It  has  a  red 
colour,  fuses  below  the  temperature  of  ignition,  and  assumes  a  crystal- 
line texture  in  cooling.  It  is  dissolved  by  water,  being  probably 
converted,  with  evolution  of  caloric,  into  the  bydrosulpburet  of  potassa. 

Besides  this  protosulphuret,  Berzelius  has  described  four  other 
compounds,  which  he  obtained  by  igniting  carbonate  of  potassa  with 
different  proportions  of  sulphur.  These  are  composed  of  one  equiva- 
lent of  potassium  to  two,  three,  four,  and  five  equivalents  of  sulphur. 

Phosphuret  of  Potassium. — This  compound  may  be  formed  by  the  ^ 
action  of  potassium  on  phosphorus  with  the  aid  of  a  moderate  heat. 
It  is  converted  by  water  into  potassa  and  perphosphuretted  hydrogen 
gas,  which  inflames  at  the  moment  of  its  formation. 


SECTION  11. 

SODIUM. 

Sir  H.  Davy  made  the  discovery  of  sodium  in  the  year  1807,  a 
few  days  after  he  had  discovered  potassium.  The^rst  portions  of  it 
were  obtained  by  means  of  galvanism ;  but  it  may  be  procured  in 
much  Jara^er  quantity  by  chemical  processes,  precisely  similar  to  those 
described  in  the  last  section. 

Sodium  has  a  strong  metallic  lustre,  and  in  colour  is  very  analogous 
to  silver.  It  is  so  soft  at  common  temperatures,  that  it  may  be  formed 
into  leaves  by  the  pressure  of  the  fingers.  It  fuses  at  200°  F.  and 
rises  in  vapour  at  a  full  red  heat.    Its  specific  gravity  is  0.972. 

Sodium  soon  tarnishes  on  exposure  to  the  air,  though  less  rapidly 
than  potassium.  When  thrown  into  water,  it  swims  upon  its  surface, 
occasions  violent  effervescence  and  a  hissing  noise,  and  is  rapidly 
oxidized ;  but  no  light  is  visible.  The  action  is  stronger  with  hot 
water,  and  a  few  scintillations  appear;  but  still  there  is  no  flame.* 
In  each  case,  soda  is  generated,  owing  to  which  the  water  acquires  an 
alkaline  reaction,  and  pure  hydrogen  gas  is  disengaged. 

*  The  sodium,  which  I  have  had  occasion  to  use,  uniformly  inflames 
on  boilhig  water.  The  experiment  is  a  very  beautiful  one,  and  deserves 
the  attention  of  chemical  lecturers.  This  fact  I  obtained  in  conver- 
sation with  Mr  D.  B.  Smith,  and  I  do  not  now  recollect  to  have 
seen  it  mentioned  in  any  chemical  work,  except  Professor  Silliman's 
Outlines.  It  may  be  supposed  that  the  inflammation  of  the  metal  is 
owing  to  the  presence  of  potassium  ;  but  this  is  not  probable^  «.%  ^!gw^ 
ftime  ia  of  a  nne  yeXiow  colour,  very  different  ftom  l\ke  ioa«  coVraai  ^\ 
fbeSMm0  ofpotasiiam.    B, 
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Oxidei  of  Sodium. — Chemists  are  acqutinted  with  two  definitt 
compounds  only  of  sodium  and  oxygen.  The  protoxide,  or  soda,  is  i 
gny  white  solid,  difficult  of  fusion,  which  is  obtained  by  burning 
•odium  in  dry  atmospheric  air.  It  is  also  formed  when  sodium  i 
oxidized  by  water ;  and  its  composition  may  be  determined  by  col- 
lecting the  hydrogen  which  is  then  disengaged.  According  to  the 
experiments  of  Sir  H.  Davy,  the  results  of  which  differ  little  from  thoM 
of  Gay-Lussac  and  Thenard,  soda  consists  of  24  parts  of  sodium  ind 
8  parts  of  oxygen.  For  this  reason,  24  is  regarded  as  the  atomie 
weight  of  sodium,  and  32  the  combining  proportion  of  soda. 

When  sodium  is  strongly  heated  in  excess  of  pure  oxygen,  u 
orange-coloured  substance  is  formed,  which  is  the  peroxide  of  sodium. 
It  is  resolved  by  water  into  oxygen  and  soda ;  and  is  composed,  accord- 
ing to  Gay-Lussac  and  Thenard,  of  two  equivalents  of  sodlam  and 
three  of  oxygen. 

With  water  soda  forms  a  solid  hydrate,  easily  fusible  by  heat,  which 
is  very  caustic,  soluble  in  water  and  acohol,  has  powerful  alkaline 
properties,  and  in  all  its  chemical  relations  is  exceedingly  analogoiM 
to  potassa.  It  is  prepared  from  the  solution  of  pure  soda,  exactly  in 
the  same  manner  as  the  corresponding  preparation  of  potassa.  Tbe 
solid  hydrate  is  composed  of  32  parts  or  one  equivalent  of  soda,  and  9 
parts  or  one  equivalent  of  water. 

Soda  is  readily  distinguished  from  other  alkaline  bases  by  the 
following  characters.  1.  It  yields  with  sulphuric  acid  a  salt,  which 
by  its  taste  and  form  is  easily  recognised  as  Glauber's  salt  or  sulphate 
of  soda.  2.  All  its  salts  are  soluble  in  water,  and  are  not  precipitated 
by  any  reagent.  3.  On  exposing  its  salts  by  means  of  platinum 
wire  to  the  blowpipe  flame,  tbey  communlcato  to  it  a  rich  yelloiv 
colour. 

Chloride  of  Sodium. — This  compound  may  be  formed  directly  by 
burning  sodium  in  chlorine,  or  by  beating  it  in  muriatic  acid  gas.  It 
is  deposited  in  crystals,  when  a  solution  of  muriate  of  soda  is  evapor- 
ated; for  this  salt,  like  muriate  of  potassa,  exists  only  while  in  solution, 
and  is  converted  into  a  chloride  during  the  act  of  crystallizing.  Hence 
sea  water,  the  chief  ingredient  of  which  is  muriate  of  soda,  yieldi 
chloride  of  sodium  by  evaporation ;  ^nd  from  this  source  is  derived 
most  of  the  different  kinds  of  common  salt,  such  as  fishery  salt,  sieved 
salt,  and  bay  salt,  substances  essentially  (the  same,  and  between  which 
the  sole  difference  depends  on  the  mode  of  preparation.  Chloride  of 
sodium  is  known  likewise  as  a  natural  product  under  the  name  of  rock 
or  mineral  salt. 

The  common  varieties  of  salt,  of  which  rock  and  bay  salt  are 
the  purest,  always  contain  small  quantities  of  sulphate  of  magoeeia 
and  lime,  and  muriate  of  magnesia.  These  earths  may  be  precipitated 
as  carbonates  by  boiling  a  solution  of  salt  for  a  few  minutes  with  a 
slight  excess  of  carbonate  of  soda,  filtering  the  liquid,  and  neutralizing 
with  muriatic  acid.  On  evaporating  this  solution  rapidly,  chloride  of 
sodium  crystallizes  in  hollow  four-sided  pyramids ;  but  it  occurs  in 
regular  cubic  crystals  when  the  solution  is  allowed  to  evaporate  spon- 
taneously. These  crystals  contain  no  water  of  crystallization,  but 
decrepitate  remarkably  when  heated,  owing  to  the  expansion  of  water 
mechanically  confined  within  them. 

Pure  chloride  of  sodium  has  an  agreeably  saline  taste.     It  fuses  at  a 
red  heat,  and  becomes  a  transparent  brittle  mass  on  cooling.    It  deli- 
quesces slightly  in  a  moist  atmosphere,  but  undergoes  no  change 
when  the  air  is  dry.    In  pure  a\coV\o\  \\.  \%Vci%c\>3W^,  VVx^oMlces  twice 
Mad  M  haUitB  weight  of  walec  al  ^Q*"  ¥ .  loi  a^AviSSftii^  vA  Va  vkVi(S&\v\ 
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18  not  increased  by  heat.  Like  the  soluble  chlorides  in  general,  it 
passes  into  a  muriate  while  in  the  act  of  dissolving.  (Page  275.) 
Sulpbaric  acid  decomposes  it  with  evolution  of  muriatic  acid  gas,  and 
formation  of  sulphate  of  soda.  Id  composition  it  is  analogous  to  the 
chloride  of  potassium,  consisting  of  one  equivalent  of  chlorine,  and 
one  of  sodium. 

The  uses  of  chloride  of  sodium  are  well  known.  Besides  its  em- 
ployment in  seasoning  food,  and  in  preserving  meat  from  putrefaction,  a 
property  which  when  pure  it  possesses  in  a  nigh  degree,  it  is  used  for 
various  purposes  in  the  arts,  especially  in  the  formation  of  muriatic 
acid  and  chloride  of  lime. 

The  compounds  of  sodium  with  iodine,  sulphur,  and  phosphorus  are 
so  analogous  to  those  which  potassium  forms  with  the  same  elements, 
that  a  particular  description  of  them  is  unnecessary.  Sodium  does 
not  unite  with  hydrogen. 

Chloride  of  Soda. — ^Thia  compound  has  lately  acquired  the  atten- 
tion of  scientific  men  under  the  name  of  Labarraque's  di^ir^feciing 
soda  liquid,  which  was  announced  by  M.  Labarraque  as  a  compound 
of  chlorine  and  soda,  analogous  to  the  well  known  bleaching  powder, 
chloride  of  lime.  The  nature  of  this  liquid  has  been  since  investigated 
by  Mr  Phillips  and  Mr  Faraday,  especially  by  the  latter;  and  it 
appears  from  the  experiments  of  this  chemist,  that  while  chloride  of 
•oda  is  the  active  ingredient,  its  properties  are  considerably  modified 
by  the  presence  of  carbonate  of  soda.  (Quarterly  Journal  of  Science, 
N.  S.  ii.  84.) 

Pure  chloride  of  soda  is  easily  prepared  by  transmitting  to  saturation 
a  current  of  chlorine  gas  into  a  cold  and  rather  dilute  solution  of 
caustic  soda.  Common  carbonate  of  soda  may  be  substituted  for  the 
pure  alkali ;  but  considerable  excess  of  chlorine  must  then  be  employed 
in  order  to  displace  the  whole  of  the  carbonic  acid.  It  may  also  be 
formed  easily,  cheaply,  and  of  uniform  strength,  by  decomposing 
chloride  of  lime  with  carbonate  of  soda,  as  proposed  by  M.  Payen. 
(Quarterly  Journal  of  Science,  N.  S.  i.  236.)  However  prepared,  its 
properties  are  the  same.  As  its  constituents  are  retained  in  combina- 
tion by  a  feeble  affinity,  the  compound  is  easily  destroyed.  It  emits 
an  odour  of  chlorine,  and  possesses  the  bleaching  properties  of  that 
substance  in  a  very  high  degree.  When  kept  in  open  vessels,  it  is 
ilowly  decomposed  by  the  carbonic  acid  of  the  atmosphere .  witn 
evolution  of  chlorine;  and  the  change  is  more  rapid  in  air  charged 
with  putrid  effluvia,  because  the  carbonic  acid  produced  during  putre- 
faction promotes  the  decomposition  of  the  chloride.  On  this,  as  was 
proved  by  M.  Gaultier  de  Claubry,  depends  the  efficacy  of  an  alkaline 
chloride  in  purifying  air  loaded  with  putrescent  exhalations.  When 
the  solution  is  heated  to  the  boiling  point,  or  concentrated  by  means 
of  beat,  the  chloride  undergoes  a  change  previously  explained,  (page 
197,)  nnd  is  converted  into  chlorate  and  muriate  of  soda. 

Chloride  of  soda  may  be  employed  in  bleaching,  and  for  all  purposes 
to  which  chlorine  gas  or  its  solution  was  formerly  applied.  It  is  now 
much  used  in  removing  the  offensive  odour  arising  from  drains, 
sewers,  or  all  kinds  of  animal  matter  in  a  state  of  putrefaction.  Bodies 
di^nterred  for  the  purpose  of  judicial  inquiry,  or  parts  of  the  body 
advanced  in  putrefaction,  may  by  its  means  be  rendered  fit  for 
examination ;  and  it  is  employed  in  surgical  practice  for  destroying 
the  fetor  of  malignant  ulcers.  Clothes  worn  by  persons  during  pestf 
lential  diseases  are  disinfected  by  being  washed  with  this  compo\m.d« 
It  is  also  used  in  fumigating  the  chambers  of  the  sick  \  tot  \Yk«  ^\««fw- 
gageaent  of  chhrine  k  §o  gradual,  that  it  does  not  piove  \n\\it\o\&»  ^^ 


b  all  these  instances,  ehloiin 

, , IoOb  enhsUlions  by  uniljng  wilh  Iba'ik-I 

■Mil  if  wUeh  WJ  cMuItt,  snd  especially  with  hydmgeD, 

Iwpwpwtag  Hw  dlitohedag  ligiiiil  afLabarraqiie,  it  isnect 
ta«nellBtMpT«pottIaa  of  theingtedienti  employed.  Tbi  , 
Um OMd  to  Ui  Fuadiy,  fomJed  on  the  direelioiiaorLahmitinnI 
tbe  bUewbg:  Ha  dlMttrad  2S00  grains  of  crygOlfized  cuhmulii'l) 
••4«tBlJBpllltiaf««UT,  ind  through  the  Bolution,  ciioluiid|L 
a  VonMl^i^mMUllf,  wu  tmagmillerl  tbe  chlorlae,  evolrcd  (rill  ^ 
idatMaofMrpilu  of  Ma-nit  ondTSO  grain*  afpetaiiile  o\tm  , 
IMM,  wban  «IM  00  br  B67  grains  of  sulphiriie  icid,  dlluied  mi'  f 
gntw  of  watef •  In  oraar  lo  leraove  iny  aceompasyiDg  nuMl  „ 
gM,tlM  efaloriiw  befH*  mwhing  Ibe  soda  was  conduclii' 
pure  water,  by  wUeh  mnai  nearly  a  third  part  was  dlawlffr 
lenilalac  twa-lhlrd«  won  tally  stifiicient  for  the  purpou. 
WW  TMdllr  abwrbad  bj  lb*  solution,  and  from  Ihe  bsgiuu 
•ml  oflb*  procMi,  DOt  ■  ptitlcle  of  r^ubDnie  acid  ggs  im 
wbuiu  Sf  ainplojlag  n  ucaii  of  chloiiao,  (he  uibonic  u!d  wf. 
ba  Mlb^  wpdled. 

n*  fobOMi  tbof  prapuad  hat 

eoloarbapale^_.  _... 

wto  kalfirsr  shirp,  saline,  and  uarcelf  il  ■!  ilf 

Rpe;  bal  II  prodncM  »  panbling  hiring  efTect  upon  Ibe  laajtik  f 
Ant  raddani  and  tbaa  dastrwi  iha  colour  of  luimeric  papEi,  HV 
boiled  it  doaa  not  i^ra  out  cblorine,  nor'ii  its  bleacliiDi; ; d» I* 
capllbly  imMfred;  and  If  oieAiliy  evaporaled,  It  yielcii  inW* 
damp  ciydala.  whirb,  frben  rodlasolveil,  bleach  almoita!  fumMf 
ai  the  originsl  liquid.  When  lapidly  evaporaled  to  drjiw.  ■ 
residue  contains  scarcely  any  chlorate  of  soda  or  eliloriile  dI  uttai 
bn(  it  has  nevertheless  lost  marc  thin  hairorils  bleachiag  ^o*"'''' 
(herefore  ehlorlna  muat  have  been  evolved  during  lfi«  en^on^ 
The  soiuiion  deterlontes  giadualiy  by  beepioe,  chloric  itH  al 
cbloiide  of  lodlum  being  genoraled,  ^hen  alloived  lo  tiitwD 
sponlaaeousiv,  chlorine  gasb  gradually  evolved,  and  crystilB  cIO 
bonate  of  soda  remain. 

Insome  respects  the  naluro  of  this  liquid  ia  still  obscure;  boliHl 
the  pieceding  facts,  drawn  frOTn  the  essay  of  Mr  Faradiy,  two  ;ia»  j 
seem  to  be  established.  First,  that  the  liquid  cooliiti  dili«v>| 
carbonic  acid,  and  soda.  Secondly,  that  the  chlorine  ii  not  n<4 
combined  either  wilh  water  or  soda  ;  for  by  boiling,  thega!iiMi» 
expelled  as  it  would  be  from  an  aqueoii;  soIiiiIod,  not  does  Itielttjii 
yield  chloric  acid  and  chloride  oriodlum  as  when  pure  chloride  ol«k 
Is  heated.  It  may  perhaps  be  reirariled  as  a  compound  ofchlDTilci 
soda  and  bicarbonate  of  soda.  Its  produclion  maybe  cooceirrit 
supposing,  that  when  chlorine  is  introduced  in  due  quantity  iDloid 
tion  of  carbonate  of  soda,  it  eombioei  vtith  half  of  the  alkali,  while) 
remainder  wilh  all  the  carbonic  acid  con^iitules  bicaibonale  of  l» 
Should  this  sail  unite,  though  b;  a  feeble  afflnilj*,  with  chMk 
■oda,  both  may  thence  derive  a  degree  of  permanence,  whicb  uM 
rfngly  possesses.  During  spoolaneoua  ewporation,  the  leadtr 
of  the  common  carbonate  to  crystallize  may  occa«laa  iti  nwod 
tion,  and  the  disengagement  of  chlorine.  ThsM  reEoub.  hewn 
tra  nieielv  nHculallTe. 
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SECTION  III. 

LITHIUM. 

In  the  yetr  1818,  M.  Arfwedson  of  Sweden*,  in  analyzing  the 
mineral  called  petalite,  discovered  the  existence  of  a  new  allcali, 
end  its  presenee  has  since  been  detected  in  spodumene,  lepidolite,  and 
in  several  varieties  of  mica.  Beraelius  has  found  it  also  in  the  waters 
of  Carlsbad  in  Bohemia.  From  the  circumstance  of  its  having  been 
first  obtained  from  an  earthy  mineral,  Arfwedson  gave  it  the  name  of 
KMon  (from  xi^uts  lapideua,)  a  term  since  changed  in  this  country 
to  Uthia,  It  has  liitfaerto  been  procured  in  small  quantity  only,  be- 
cause Bpodnmene  and  petalite  are  rare,  and  do  not.containmore  than  6 
or  8  per  cent  of  the  alkali.  It  is  combined  in  these  two  minerals  with 
silica  and  alandna,  whereas  potassa  is  likewise  present  in  lepidolite  and 
lithion-mica»  and  therefore  Jithia  should  be  prepared  solely  from  the 
former. 

The  best  process  for  preparing  lithia  is  that  which  was  suggested  by 
Berzelius.  One  part  of  petalite  or  spodumene,  in  fine  powder,  is  mix- 
ed intimately  with  two  parts  of  fluor  spar,  and  the  mixture  is  heated 
with  three  or  four  times  its  weight  of  sulphuric  acid,  as  long  as  any 
add  vapoars  are  disengaged.  The  silica  of  the  mineral  is  attacked  by 
liydroflaoiic  acid,  and  dissipated  in  the  form  of  fiuosilicic  acid  gas, 
while  tlie  alumina  and  lithia  unite  with  sulphuric  acid.  After  dissolv- 
ing tliese  salts  in  water,  the-  Solution  is  boiled  with  pure  ammonia  to 
precipitate  the  alumina,  filtered,  evaporated  to  dryness,  and  then  heat- 
ed to  redness  to  expel  the  sulphate  of  ammonia.    The  residue  is  pure 

solpbateoflithiat. 

Sir  H.  Davy  succeeded,  by  means  of  galvanism,  in  obtaining  a  white 
coloured  metal  like  sodium  from  lithia ;  but  it  was  oxidized,  and  thus 
reconverted  into  the  alkali,  with  such  rapidity  that  it  could  not  be  col- 
lected. Lithia  may,  therefore,  be  regarded  as  the  protoxide  of  lithium  ; 
and,  aceoidlns  to  the  analysis  of  sulphate  of  lithia  by  Stromeyer  and 
niomson,  lithia  is  inferred  to  be  composed  of 

Lithium  .  .  10    or  one  proportional. 

Oxygen  .  8    or  one  proportional. 

Consequent^,  its  combining  proportion  is  18. 

Lithia  te  distinguished  from  potassa  and  soda  by  its  greater  neutrali- 
sing power,  by  forming  sparingly  soluble  salts  with  carbonic  and  phos- 
phoric acids,  and  by  tne  circumstance  of  the  chloride  of  lithium  be- 
mg  Idgfaly  deliquescent,  and  dissolving  freely  in  strong  alcohol.  This 
■Icobolic  solution  bums  with  a  red  flame ;  and  all  the  salts  of  lithia, 
wiien  heated  on  platinum  wire  before  the  blowpipe,  tinge  the  flame  of 
a  red  colonr.  Further,  when  lithia  is  fused  on  platinum  foil,  it  attacks 
tint  metal,  and  leaves  a  dull  yellow  trace  round  the  spot  on  which  it 
lay.  (Benelius  on  the  Blowpipe.    Children's  Translation.) 


•  An.  de  Ch.  et  de  Ph.  vol.  x. 

t  The  sulphate'of  lithia  may  be  decomposed  by  acetate  of  baryta, 
and  the  acetate  of  lithia  thus  obtained,  by  exposure  to  a  red  heat,  is 
converted  into  the  carbonate.  The  carbonate  may  then  be  brought 
to  tlie  state  of  a  caustic  hydrate  by  the  action  of  lioie  in  \!ea  mv»\ 

nuuner.    B. 
Z 
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Litbia  is  distingaished  from  the  alkaline  earths  by  fomdng  solable 
•alts  with  sulphuric  and  oxalic  acids ;  and  by  the  clfcumstanee  that 
carbonate  of  lithia,  though  sparingly  soluble  in  water,  forms  with  it  i 
solution  which  gives  a  brown  stain  to  turmeric  paper. 


CLASS  1. 
ORDER  II. 

METALLIC  BASES  OF  THE  ALKALV^E  EARTHS, 


SECTION    IV. 

BARIUM. 

Sir  H.  Davy  discovered  harium,  the  metallic  base  of  baryta,  in 
the  year  1808,  by  a  process  suggested  by  Berzelius  and  Pontin.  It 
consists  in  forming  carbonate  of  baryta  into  a  paste  with  water,  and 
placing  a  globule  of  mercury  in  a  little  bellow  made  in  its  sar&ce. 
The  paste  was  laid  upon  a  platinum  tray  which  communicated  witii 
the  positive  pole  of  a  galvanic  battery  of  100  double  plates,  while  (be 
negative  wire  was  brought  into  contact  with  the  mercury.  The  baryta 
was  decomposed,  and  its  barium  entered  into  combination  with  mer- 
cury. This  amalgam  was  then  heated  in  a  vessel  free  from  air,  by 
which  means  the  mercury  was  expelled,  and  barium  obtained  in  a  pore 
form. 

Barium,  thus  procured,  is  of  a  dark  gray  colour,  with  a  lustre  in- 
ferior to  cast  iron.  Its  specific  gravity  is  far  greater  than  water,  for  it 
sinks  rapidly  in  strong  sulphuric  acid.  It  attracts  oxygen  with  avidity 
from  the  air,  and  in  doing  so  yields  a  white  powder  which  is  baryta. 
It  effervesces  strongly,  from  the  escape  of  hydrogen  gas,  when  thrown 
into  water,  and  a  solution  of  batyta  is  produced.  It  has  hitherto  been 
obtained  in  very  minute  quantities,  and  consequently  its  properties 
have  not  been  determined  with  precision. 

Oxides  of  Barium.  Barytes,  or  Baryta,  so  called  from  the  great 
density  of  its  compounds,  (from  ^±gvi  heavy)  was  discovered  in  the 
year  1774  by  Scheele.  It  is  the  sole  product  of  the  oxidation  of  barium 
in  air  or  water.  It  may  be  prepared  by  decomposing  nitrate  of  baiyta 
at  a  red  heat ;  or,  as  was  ascertained  by  Dr  Hope,  by  exposing  carbon- 
ate of  baryta,  contained  in  a  black  lead  crucible,  to  an  intense  white 
heat ;  a  propess  which  succeeds  much  better,  when  the  carbonate  is 
intimately  mixed  with  charcoal.  Baryta  is  a  gray  powder,  the  specific 
gravity  of  which  is  about  4.  It  requires  a  very  high  temperature  for 
nision.  It  has  a  sharp  caustic  alkaline  taste,  converts  vegetable  blue 
colours  to  green,  and  neutralizes  the  strongest  acids.  Its  alkalinity, 
therefore,  is  equally  distinct  as  that  of  potassa  or  soda ;  but  it  is  much 
Jess  caustic  and  less  soluble  in  water  than  those  alkalies.  In  pure 
a/cohoJ  it  is  insoluble.  ll\\?LB^Ti  e^^^^vtv^Vj  strong  affinity  for  walen 
When  mixed  with  thai  Wqmd  vl  &\^^a  m  >\i<^  vvox^  m'tsseoffii  v^ o^k- 
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lime,  but  with  the  evolution  of  •  more  intiBDge  hett,  which,  according  ' 
to  Dobeieiner,  eometimes  amounts  to  luminousness.  The  result  is  a 
white  bulky  hydrate,  fusible  at  a  red  heat,  and  which  bears  the  high- 
est temperature  of  a  smith's  forge  without  parting  with  its  water.  It 
is  composed  of  78  parts  or  one  equivalent  of  baryta,  and  9  parts  or  one 
equivalent  of  water. 

The  hydrate  of  baryta  dissolves  in  twice  its  weight  of  boiling  water, 
and  in  twenty  parts  of  water  at  the  temperature  of  60°  F.  (Davy.)  A 
saturated  solution  of  baryta  in  boiling  water  deposites,  in  cooling, 
transparent,  flattened  prismatic  crystals,  which  are  composed,  accord- 
ing to  Mr  Dalton,  of  78  parts  or  one  equivalent  of  baryta,  and  180 
parts  or  twenty  equivalents  of  water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the  presence 
of  carbonic  acid  in  the  atmosphere  or  in  other  gaseous  mixtures.  The 
carbonic  acid  unites  with  the  baryta,  and  a  white  insoluble  precipitate, 
carbonate  of  baryta,  subsides. 

The  exact  combining  proportion  of  barium  is  not  known  with 
certainty ;  for  while  Dr  Thomson  estimates  its  equivalent  at  70,  Ber- 
zelius  states  it  at  68.66.  I  have  reason  to  believe  neither  of  these 
numbers  precisely  correct ;  but  until  the  subject  shall  be  decided  by 
future  research,  I  shall  continue  to  use  the  number  slated  by  Dr 
Thomson,  which  is  generally  employed  in  this  country.  Accordingly, 
baiyta  is  regarded  as  a  compound  of  70  parts  or  one  equivalent  of 
barium,  and  8  parts  or  one  equivalent  of  oxygen. 

The  deutoxide  of  barium  may  be  formed  by  conducting  dry  oxygen 
gas  over  pure  baryta  at  a  low  red  heat^  An  easier  process,  recom- 
mended by  M.  Quesneville,  junr,  is  to  introduce  nitrate  of  baryta  into 
a  luted  retort  of  porcelain,  to  which  is  attached  a  Welter's  safety  tube, 
terminating  under  an  inverted  jar  full  of  water.  Heat  is  gradually  ap- 
plied to  the  retort,  and  a  red  heat  continued  as  long  as  there  is  any 
disengagement  of  nitric  oxide  or  nitrogen  gas.  When  these  have 
ceam  and  pure  oxygen  passes  over,  which  is  a  proof  of  all  the  nitrate 
being  decomposed,  the  process  is  discontinued.  The  peroxide  of  barium 
is  then  found  in  the  retort.  This  deutoxide,  according  to  Thenard, 
contains  twice  as  much  oxygen  as  baryta ;  or  is  composed  of  one  equiv- 
alent of  barium  and  two  equivalents  of  oxygen.  This  iis  the  substance 
employed  by  Thenard  in  the  formation  of  the  deutoxide  of  hydrogen. 

Baryta  is  distinguished  from  all  other  substances  by  the  following 
characters.  1.  By  dissolving  in  water  and  forming  an  alkaline  solu- 
tion. 2.  By  all  its  soluble  salts  being  precipitated  as  the  white  car- 
bonate of  baryta  by  alkaline  carbonates,  and  as  sulphate  of  baryta,  which 
is  insoluble  both  in  acid  and  alkaline  solutions,  by  sulphuric  acid  or 
any  soluble  sulphate.  3.  By  forming  with  muriatic  acid  a  salt,  which 
cnrstallizes  readily  by  evaporation  in  the  form  of  four,  six,  or  eight- 
tided  tables,  is  insoluble  in  alcohol,  and  does  not  undergo  any  change 
on  exposure  to  the  air. 

The  readiest  method  of  forming  the  salts  of  baryta  is  by  the  action 
of  moderately  dilute  acids  on  the  native  or  artificial  carbonate. 

AH  the  soluble  salts  of  baryta  are  poisonous.  The  carbonate  of 
baryta,  from  being  dissolved  by  the  juices  of  the  stomach,  likewise 
acts  as  a  poison.    The  sulphate,  from  its  perfect  insolubility,  is  inert. 

CMoriae  of  Barium. — This  compound  is  generated  when  chlorine 
gas  is  conducted  over  baryta  at  a  red  heat,  and  oxygen  gas  is  disen- 
gaged. It  may  also  be  formed  bv  heating  to  redness  the  crystallized 
muriate  of  baryta.  It  consists  of  one  equivalent  of  each  of  its  conatU 
tuents.  It  requires  five  times  its  weight  of  watei  al  00°  ¥ .  lot  so\\i>wVycx<. 
tod  U  much  more  soluble  ia  boU'mg  water. 
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SMphuret  ofBar%um,^The  protoralpliiiret  of  btiiam  nuiy  be  pm> 
pared  from  salphate  of  barytt  by  the  action  of  charcoal  or  hydiocea 
gaa  at  a  high  temperature.  (Ptge  274.)  It  dissolves  readily  In  hat 
water,  formToK  the  hydrosulphuret  of  baryta.  By  means  of  mis  soto* 
tion  all  the  chief  salts  of  baryta  may  be  procured.  Thus,  by  adding 
an  allcaliDe  carbonate,  carbonate  of  ban^ta  is  precipitated ;  and  wlm 
muriate  acid  is  added,  sulphuretted  hydrogen  is  OToWed,  and  meiiate 
of  baryta  produced.  A  solution  of  pure  Iwryta  may  also  be  obtained 
from  the  hydrosulphuret,  by  boiling  it  with  peroxide  of  copper,  until 
Uie  filtered  solution  no  longer  gives  a  dark  precipitate  with  acetate  of 
lead.  The  crystallized  hydrate  of  baryta  Is^easily  procured  by  rneiM 
of  this  solution. 

The  combinations  of  barium  with  the  other  non-metallic  wbstanees 
have  not  yet  been  carefully  examined. 


SECTION  V. 

STROJVTIUM. 

The  metallic  base  of  strontia,  called  strontiumt  was  dlscorered  hf 
Sir  H.  Davy  by  a  process  analogous  to  that  described  in  the  last  sec- 
tion. All  that  is  known  respecting  its  properties  is,  that  it  is  a  heavy 
metal,  similar  in  appearance  to  barium,  that  it  decomposes  water  with 
evolution  of  hydrogen  gas,  and  oxidizes  quiclcly  in  the  air,  being  con- 
verted in  both  cases  into  strontia. 

From  the  close  resemblance  between  baryta  and  strontia,  these  sub- 
stances were  once  supposed  to  be  identical.  Dr  Crawford,  however, 
and  M.  Sulzer  noticed  a  difference  between  them  ;  but  the  existence 
of  strontia  was  first  established  with  certainty  in  the  year  1792  by  Dr 
Hope*,  and  the  same  discovery  was  made  about  the  same  time  bj 
Klaprothf.  It  was  originally  extracted  from  strontianite,  the  native 
carbonate  of  strontia,  a  mineral  found  at  Strontian  in  Scotland  ;  and 
hence  the  origin  of  the  term  strontites  or  strontia,  by  which  the 
earth  itself  is  designated. 

Pure  strontia  may  be  prepared  from  nitrate  and  carbonate  of  strontia, 
in  the  same  manner  as  baryta.  It  resembles  this  earth  in  appearance, 
in  infusibility,  and  in  possessing  distinct  alkaline  properties.  It  slakes 
when  mixed  with  water,  causing  intense  heat,  and  forming  a  white 
solid  hydrate,  which  consists  of  52  parts  or  one  equivalent  oi  strontia, 
and  9  parts  or  one  equivalent  of  water.  The  hydrate  of  strontia 
fuses  readily  at  a  red  heat,  but  sustains  the  strongest  heat  of  a  wind 
furnace  without  decomposition.  It  is  insoluble  in  alcohol.  Boiling 
water  dissolves  it  freely,  and  a  hot  saturated  solution,  on  cooling,  de- 
posites  transparent  crystals  in  the  form  of  thin  quadrangular  tables. 
These  crystals  are  composed,  according  to  the  analysis  of  Dr  Hope, 
of  52  parts  or  one  equivalent  of  strontia,  and  108  parts  or  twelve 
equivalents  of  water.  They  are  converted  by  heat  into  the  proto-hy- 
drate.  They  require  50  times  their  weight  of  water  at  60**  F.  for  solu- 
tion, and  twice  their  weight  at  212°  F.  (Dalton.) 


*  Edinburgh  Philosophical  Transactions,  iv.  3. 
t  Klaproth*s  Con\xV\>\i\\otA«N^\«\« 
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The  Mlution  of  strontia  has  •  caustic  taste  and  alkaline  reaction. 
Like  (he  solution  of  baryta,  it  is  a  delicate  .test  of  the  presence  of 
carbonic  acid  in  air  or  other  gaseous  mixtures,  forming  with  it  the 
iosolable  carbonate  of  strontia. 

Tlie  atomic  weight  of  strontia,  as  deduced  from  the  analyses  of 
Berzelius,  Stromeyer,  and  Thomson,  is  62 ;  and  consequently  strontia, 
regarded  as  the  protoxide  of  strontium,  is  composed  of  . 

Strontium         .  44        or  one  proportional. 

Oxygen  .  8        or  one  proportional. 

The  deutoxide  of  strontium  is  prepared  in  the  same  manner  as  the 
corresponding  preparation  of  baryta.  It  may  likewise  be  formed  by 
pouring  an  aqueous  solution  of  strontia  into  the  deutoxide  of  by- 
drogen.  According  to  Thenard,  it  contains  twice  as  much  oxygen  as 
the  protoxide. 

The  soluble  salts  of  strontia,  like  those  of  baryta,  are  precipitated 
by  alkalhoe  carbonates,  and  by  sulphuric  acid  or  soluble  sulphates. 
Strontia  is  distinguished  from  baryta  by  forming  with  muriatic  acid  a 
salt,  which  crystallizes  in  the  form  of  slender  hexagonal  prisms,  deli- 
quesces  in  a  moist  atmosphere,  and  dissolves  freely  in  pure  alcohol. 
The  alcoholic  solution,  when  set  on  fire,  bums  with  a  blood-red  flame ; 
and  the  salts  of  strontia,  when  exposed  to  the  blowpipe  flame  on 

Slatinum  wire,  impart  to  it  a  red  tinge.  They  are  also  distinguished 
y  a  difference  in  the  solubility  of  their  sulphates.  On  adding 
Glauber's  salt  in  excess  to  a  soluble  salt  of  baryta,  that  base  is  so 
completely  precipitated,  that  its  presence  cannot  be  afterwards  de- 
tected in  the  solution  by  any  re-agent.  But  when  a  salt  of  strontia  is 
thus  treated,  so  much  sulphate  of  strontia  remains  in  solution,  that  the 
filtered  Uquid  yields  a  white  precipitate  with  carbonate  of  potassa  or 
soda. 

The  salts  of  strontia  are  most  conveniently  prepared  from  the  car- 
bonate.   These  compounds  are  not  poisonous. 

The  chloride  of  strontium  is  formed  under  precisely  the  same  cir- 
cumstances as  the  chloride  of  barium,  and  its  composition  is  analogous. 
It  is  exceedingly  soluble  in  boiling  water,  ahd.requires  twice  its  weight 
of  water  at  6Cr  F.  for  solution.  As  already  mentioned,  it  is  soluble  in 
alcohol. 

The  sulphuret  of  strontium  may  be  prepared  by  the  processes 
referred  to  in  the  last  section.  It  may  be  advantageously  employed 
for  forming  the  solution  and  salts  of  strontia,  in  the  same  manner  as 
those  of  baryta  are  prepared  from  the  sulphuret  of  barium.  It  consists 
of  44  parts  or  one  equivalent  of  strontium,  and  16  parts  or  one  equiva- 
ieot  of  talphor. 


SECTION  VI. 


CALCIUM. 


The  existence  of  calcium,  the  metallic  base  of  lime,  was  demon- 
strated by  Sir  H.  Davy  by  a  process  similar  to  that  described  in  the 
section  on  barium.  It  is  of  a  whiter  colour  than  barium  or  strontium, 
%Dd  is  conrerted  into  lime  by  being  oxidized.    Its  other  properties  are 

Dnknown.  , ,        . . 

When  carboDato  o/lime  U  expoied  to  a  white  oc  e^eik  lo  Vk^^t^  %\xvck^ 

Z  2 
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red  heat,  carbonic  acid  is  expelled,  and  pare  lime,  commonly  eaUcd 
quieklimet  remains.  If  lime  of  great  purity  is  required,  it  should  be 
prepared  from  pure  carbonate  of  lime,  such  as  Iceland-spar,  or  Carrait' 
marble ;  but  in  burnius  lime  in  lime-kilns  for  making  mortar,  commoD 
lime-stone  is  employed.  The  expulsion  of  carbonic  acid  is  facilitated 
by  mixing  the  carbonate  with  combustible  substances,  in  which  caw 
carbonic  oxide  is  generated.  (Page  176.) 

Lime  is  a  brittle,  white,  earthy  solid,  the  specific  gravity  of  which 
is  about  2.8.  It  phosphoresces  powerfully  when  heated  to  nill  rednefl, 
a  property  which  it  possesses  in  common  with  strontia  and  baiyti. 
It  is  one  of  the  most  infusible  bodies  known ;  fusing  with  difficoW, 
even  by  the  heat  of  the  oxy-hydrogen  blowpipe.  It  has  a  powerfm 
athnity  for  water,  and  the  combination  is  attended  with  great  increue 
of  temperature,  and  formation  of  a  white  bulky  hydrate,  which  is 
composed  of  28  parts  or  one  equivalent  of  lime,  and  9  parts  or  one 
equivalent  of  water.  I'he  process  of  slaking  lime  consists  in  formiog 
this  hydrate,  and  the  hydrate  itself  is  called  slaked  lime.  It  difiers 
from  the  hydrates  of  strontia  and  baryta  in  parting  with  its  water  at  a 
red  heat. 

The  hydrate  of  lime  is  dissolved  very  sparingly  by  water,  and  it  is 
a  singular  fact,  first  noticed,  1  believe,  by  Mr  Dalton,  that  it  is  more 
soluble  in  cold  than  in  hot  water.  Thus  he  found  that  one  grain  of 
lime  requires  for  solution 

778  grains  of  water  .  at  60"  F. 

972  ..  .  130O 

1270  .  .  .  212° 

And,  consequently,  on  heating  a  solution  of  lime,  or  lime-water, 
which  has  been  prepared  in  the  cold,  deposition  of  lime  ensues.  This 
fact  was  determined  experimentally  by  Mr  Phillips,  who  has  likewise 
observed  that  water  at  32®  F.  is  capable  of  dissolving  twice  as  much 
lime  as  at  212=»  F. 

Owing  to  this  circumstance  pure  lime  cannot  be  made  to  crystallize 
in  the  same  manner  as  baryta  or  strontia.  Gay-Lussac  succeeded, 
however,  in  obtaining  crystals  of  lime  by  evaporating  lime-water, 
under  the  exhausted  receiver  of  an  air-pump,  by  means  of  sulphuric 
acid,  as  in  Mr  Leslie's  process  for  freezing  water.  (Page  60.)  Small 
transparent  crystals,  in  the  form  of  regular  hexahedrons,  are  deposited, 
which  consist  of  water  and  lime  in  the  same  proportion  as  in  the  hy- 
drate above  mentioned. 

Lime-water  is  prepared  by  mixing  hydrate  of  lime  with  water, 
agitating  the  mixture  repeatedly,  and  then  setting  it  aside  in  a  well- 
stopped  bottle  until  the  undissolved  parts  shall  have  subsided.  The 
substance  called  milk  or  cream  of  lime  is  made  by  mixing  hydrate  of 
lime  with  a  sufficient  quantity  of  water  to  give  it  the  liquid  forii];-'it 
is  merely  lime-water  in  which  hydrate  of  lime  is  mechanically  sus- 
pended. 

Lime-water  has  a  harsh  acrid  taste,  and  converts  vegetable  blue 
colours  to  green.  It  agrees,  therefore,  with  baryta  and  strontia  in 
possessing  distinct  alkaline  properties.  Like  the  solution  of  these 
earths,  it  has  a  strong  affinity  for  carbonic  acid,  and  forms  with  it  ao 
insoluble  carbonate.  On  this  account,  Iime:water  should  be  carefoliy 
protected  from  the  air.  For  the  same  reason,  lime-water  is  rendered 
turbid  by  a  solution  of  carbonic  acid  ;  but  on  adding  a  large  quaDtitf 
of  the  acid,  the  transparency  of  the  solution  is  completely  restorea, 
because  carbonate  of  lime  is  soluble  In  an  excess  of  carbonic  add. 
The  act/on  of  this  acid  on  lYie.  aoViVit^ua  «C  baryta  and  strontia  is  pee- 
cisely  simiJar. 
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The  fttoioie  weight  of  lime,  m  deduced  from  the  experiments  of  Dt 
ThomsoDt  is  38 ;  and  therefore  lime,  regarded  as  the  protoxide  of 
calcium,  is  composed  of  20  parts  or  one  equivalent  of  calcium,  and  8 
parte  or  one  equivalent  of  oxygen. 

The  deutoxide  of  calcium  may  be  formed  in  the  same  way  as  the 
deuto^ide  of  strontium.  According  to  Thenard,  it  consists  of  one 
equivalent  of  calcium  and  two  equivalents  of  oxygen. 

The  salts  of  lime,  which  are  easily  prepared  by  the  action  of  acids 
on  pure  marble,  are  in  many  respects  similarly  affected  by  reagents, 
as  those  of  baryta  and  strontia.  They  are  precipitated,  for  example, 
by  alkaline  carbonates.    Sulphuric  acid  and  soluble  sulphates  likewise 

{>recipitate  lime  from  a  moderately  strong  solution.  But  sulphate  of 
ime  has  a  considerable  degree  of  solubility.  Thus,  a  dilute  solution  of 
a  salt  of  )jme  is  not  precipitated  at  all  by  sulphuric  acid  ;  and  when 
the  sulphate  of  lime  is  separated,  it  may  be  redissolved  by  the  addition 
of  nitric  acid. 

The  most  delicate  test  of  the  presence  of  lime  is  oxalate  of  ammonia 
or  of  potassa;  for  of  all  the  salts  of  lime,  the  oxalate  is  the  most  in- 
soluble in  water.  This  serves  to  distinguish  lime  from  most  substances, 
though  not  from  baryta  and  strontia ;  because  the  oxalates  of  baryta 
and  strontia,  especially  the  latter,  are  likewise  sparingly  soluble.  All 
these  oxalates  dissolve  readily  in  water  acidulated  with  nitric  or 
muriatic  acid. 

The  best  characters  for  distinguishing  lime  from  baryta  and  strontia 
are  the  following : — Nitrate  of  lime  yields  prismatic  crystals  by  evapora- 
tion, is  deliquescent  in  a  high  degree,  and  very  soluble  in  alcohol. 
The  nitrates  of  baryta  and  strontia  crystallize  in  regular  octahedrons 
or  segments  of  an  octahedron,  undergo  no  change  on  exposure  to  the 
air,  except  when  very  moist,  and  do  not  dissolve  in  pure  alcohol. 

The  salts  of  lime,  when  heated  before  the  blowpipe,  or  when  their 
solutions  in  alcohol  are  set  on  fire,  communicate  to  the  flame  a  dull 
brownish-red  colour. 

Chloride  of  CcUeium. — The  chloride  of  calcium  is  formed  in  the 
same  manner -as  chloride  of  strontium.  In  decomposing  muriate  of 
lime  by  heat,  a  little  muriatic  acid  is  sometimes  expelled  as  well  as 
water.  Chloride  of  calcium  is  soluble  in  alcohol,  and  deliquesces 
rapidly  on  exposure  to  the  atmosphere.  On  account  of  its  strong 
affinity  for  water,  it  is  much  employed  to  deprive  gases  and  other 
sabstances  of  their  moisture.  For  a  like  reason,  it  may  be  used  for 
forming  frigorific  mixtures  with  snow  ;  but  for  this  purpose  the  crys- 
tallized muriate  of  lime,  which  contains  six  equivalents  of  water  of 
ciystallization,  is  far  preferable. 

Chloride  of  calcium  contains  )>ne  proportional  of  each  of  its  ele- 
mente. 

Chloride  of  JAine. — ^This  compound,  commonly  called  oxymwiaie 
ofUmey  or  bleaching  powdery  is  prepared  by  exposing  thin  strata  of 
recently  slaked  lime  in  fine  powder  to  an  atmosphere  of  chlorine. 
The  gas  is  absorbed  in  large  quantity,  and  combines  directly  with  the 
Bme. 

Chloride  of  lime  is  a  dry  white  powder,  which  smells  faintly  of 
chlorine,  and  has  a  strong  taste.  It  dissolves  partially  in  water,  and 
the  eolution  possesses  powerful  bleaching  properties,  and  contains 
both  chlorine  and  lime ;  while  the  undissolved  portion  is  hydrate  of 
Hme,  retaining  a  small  quantity  of  chlorine.  The  aqueous  solution, 
when  exposed  to  the  atmosphere,  is  gradually  decomposed ;— chlorine 
is  set  free,  and  carbonate  of  lime  generated.  On  W\\\ti^  \Xi<ft  \\^v\^ 
'  )\c,  vod  1  pntame  chloric,  acid  are  forraed  \  va\  \i^  \y^%  V««^ 
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ing,  the  dry  chloride  ftppesra  to  undergo  s  similar  change,  it  kit 
Duriatic  acid  is  produced  in  large  quantity.  The  chlnide  of  In 
is  also  decomposed  by  a  strong  heat.  At  first,  chlorine  ii  etoM; 
but  pare  o'^ygen  is  afterwards  disengaged,  and  chloride  of  ciUb 
remains  iu  the  retort. 

The  composition  of  chloride  of  lime  was  first  carefully  InTCitipfeJ 
by  Mr  Dal  ion,*  and  it  has  since  heen  analjrzed  by  Dr  ThoiipJ 
M.  Welter.;  and  Dr  l're.§  The  three  first  mentioned  chemistilii 
I'r^m  iheir  researches  that  the  bleaching  powder  is  a  hydnted  nft 
cW'Tuie  or  di-ehloride  of  lime,  in  which  36  parts  or  one  eqainlri 
cf  ch'.or'.Le  a:e  united  with  56  parts  or  two  equivalents  of  lime.  'Ae 
I'c  i\to  0!  cpinion  that,  on  mixing  the  sub-chloride  with  water,  in 
€\i'.::.it  I*  «!L4«olved,  and  one  equivalent  of  lime  separated  is  i 
ic<s:'u:!e  powJer.  Dr  L'rc,  on  the  contrary,  denies  that  the bleidii 
y.mzt:  I*  1  #ub-ch'.orii!e ;  and  maintains,  according  to  the  result i 
t.*  cwz.  »z.i'.\  yi*,  that  the  elements  of  this  compound  do  not  constita 
1  Tti'^.i:  iioiiiic  combination,  lie  found  that  the  quantity  of  chink 
at^c.-t'ei  :*y  )i\\!:j;e  ui'Iiinc  is  variable,  depending  not  ooly  oaA 
ptMu  e  ilJ  decree  of  exposure,  but  on  the  quantity  of  water  wUi 
\*  present.  The  iollowing  u  the  result  of  his  analysis  of  three ip0 
r.cr.«.  No.  1  beiue  Kood  commercial  bleaching  powder.  No. 2 os 
by  V..LU«e'.f  Ki'.h  pu:e  prolo-hydrate  of  lime,  and  No.  3  prepared ' 
L.=i«c.:  w:ib  !.xc  containing  more  water  than  in  No.  2. 

No.  I.  No. 2.  No.3. 

rh\v:Le         23  .  40.32  .  .39.5 

I  i.r.e  -16  .  45.40  39.9 

Wj:c:  31  14.23  .  20.6 
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r.-o  e\',  V  .v.iT.'.s  t'l  Dr  l'rc  appear  to  have  been  made  with  p 
*i  iv  i:.  :  I;.-  :e*':!>  to  be  tntille*!  to  cipiJil  if  not  greater  confidci 
::.y..  :*..?«:  ■. :  •.'i.o  o'ho:  cl.oihi>t^.  Upon  the  whole  it  isprobab\e,i 
o::;  ::.:i.  c  :•  '..i^oi.tl  \  \\iAtin'X  powder  coiis^ists  of  chloiide  of  lim 
c.:;  .:-:. ;  . '.  o"  { .i:'.-  oi  oi.o  equivalent  of  chlorine,  and  2S  part 
.'..:'  ( .:  .'.>.:.:  .t  i  :i.e :  aiu\  that  this,  tlic  essential  ingredieo 
:^.\i  :  w.::.  \  .\:..:','.c  tj-Miitities  oMiydratc  of  lime. 

>i.  .•;  ::..•.:,:■!<  I:. lie  l-oen  proposed  for  estimating  the  valu 
j  :'i.i:.:  ?;  tci-.ir.s  cl"  the  chloride  of  lime.  Perhaps  the  most 
\c :..,:.:  :  :  :'.o  a  :.-:  i-  that  of  Welter,  which  consists  in  ascert^ 
:'.c  ;:rtt:  >:  ::.e  ili.nhinir  liquid  to  dcpiivc  a  solution  of  indi| 
sv.-w::  -::■.:  i.-i  ^:  :>  colour;  and  directions  have  been  drawn  i 
It..) -l.;??.:c  :.:  cr.-iLlir.^  manufacturers  to  employ  this  method 
i.-c.:..:.\.  A:.:..i!>  01  Philosophy,  xxiv.  21S.)  For  analytical 
:  ;sl'*.  :•  o  :«.>:  :..«;:hr.!  i?  to  decompose  chloride  of  lime,  coniin> 
A  ^■.=  "'?  :j.ecve:  ::ie:cury,  by  means  of  muriatic  acid.  Muria 
I..:.c  .?  i;t;*:.o.  j:i  J.  :ii:J  iLe  chlorine  being  set  free,  its  quantity 
c\\<..\  :e  i::v.i!:  ;  e  !. 

l:.cy'.:  >i/.f '.ur.*  c/ calcium  is  procured  by  processes  simil 
:l:.'sc  :.-.-  ?".:::,i:;c  iJ.e  <u!;ihuret  of  barium. 

r\.c  y\.o<]  hj:c>ei lit  substance  called  CantorVs  phosphorus,  w 
is  .v.a.io  :  y  e\pj<;:i^  a  n.ixture  of  calcined  oyster-shells  and  sul 
to  a  re.!  heac.  j>  siipposed  to  be  a  sulphuret  of  lime  ;  but  its  real  < 
posiiiou  has  not  been  determined. 


•  Annals  of  Phil.  \ .  \o.  atid  u.  ft.  \  \\i\^.  xn  .  iw'NV. 

t  Ad.  tie  Ch.  et  dc  Ph.  vo\.  V\vv.  ^  ^>3a.\\»\Vi  ^^vo^ 
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PkMfkmret  of  lame, — ^This  compoaDd  is  formed  by  passing  the 
nponr  of  phosphorus  oyer  fragments  of  quicklime  at  a  red  heat  The 
Ime  nature  of  the  product  is  not  known  with  certainty.  It  is  either  a 
phosphuret  of  lime,  or  a  mixture  of  phosphate  of  lime  and  phosphuret 
>f  calcium.  When  it  is  put  into  water,  mutual  decomposition  ensues, 
lad  phoaphoretted  hydrogen,  hypophosphorous  acid,  and  phosphoric 
idd  are  generated.    ( Page  247. ) 


SECTION  VII. 

The  gaWaidc  researches  of  Sir  H.  Davy  have  demonstrated  the 
zletence  of  magnesium,  though  he  obtained  it  in  a  quantity  too 
linute  for  determining  its  properties.  He  ascertained,  however,  that 
;  decomposes  water,  and  is  converted  by  uniting  with  oxygen  into 
lagnesia. 

Magnesia,  the  only  known  oxide  of  magnesium,  is  obtained  by 
rposing  carbonate  of  magnesia  to  a  very  strong  red  heat,  by  which 
B  carbonic  acid  is  expelled.  It  is  a  white  friable  powder,  of  an 
uthy  appearance ;  and  when  pure,  it  has  neither  taste  nor  odour. 
■3  specific  gravity  is  about  2.3.  It  is  exceedingly  infusible.  It  has 
weaker  a£Snity  than  lime  for  water ;  for  though  it  forms  a  hydrate 
hen  moistened,  the  combination  is  effected  with  hardly  any  disen- 
igement  of  caloric,  cmd  the  product  is  readily  decomposed  by  a  red 
eat.  There  probably  exists  several  different  compounds  of*^  water 
id  magnesia,  but  the  native  hydrate  is  the  only  one  known  with 
srtainty.  According  to  the  analysis  of  Stromeyer,  this  hydrate  con- 
ios  one  equivalent  of  each  of  its  constituents;  and  the  results  of  the 
lalysie  of  Berzelius  and  Dr  Fyfe  accord  very  nearly  with  this  pro- 
»rtion. 

Magnesia  dissolves  very  sparingly  in  water.   According  to  Dr  Fyfe, 

requires  6142  times  its  weight  of  water  at  60°,  and  86,000  of  boiling 
mter  for  solution.  The  resulting  liquid  does  not  change  the  colour 
r violets;  but  when  pure  maguesiia  is  put  upon  moistened  turmeric 
aper,  it  causes  a  brown  stain.  From  this  there  is  no  doubt  that  the 
laction  of  magnesia  with  respect  to  vegetable  colours,  when  tried  in 
le  ordinary  mode,  is  owing  to  its  insolubility.  It  possesses  the  still 
lore  essential  character  of  alkalinity,  that,  namely,  of  forming  neutral 
dCe  with  acids  in  an  eminent  degree.  It  absorbs  both  water  and 
irbonie  acid  when  exposed  to  the  atmosphere,  and  therefore  should 
a  kept  in  well-closed  phials. 

The  atomic  weight  of  magnesia,  as  determined  by  Dr  Thomson,  is 
9.  Consequently  this  alkaline  base,  regarded  as  the  protoxide  of 
lagnesium,  is  composed  of 

Magnesium        .        12        or  one  proportional. 
Oxygen  .  8        or  one  proportional. 

Magnesia  is  characterized  by  the  following  properties.  With  nitric 
od  muriatic  acids,  it  forms  salts  which  are  soluble  in  alcohol,  and 
zceedingly  deliquescent.  The  sulphate  of  magnesia  Is  very  soluble 
1  water,  a  circumstance  by  which  it  is  distinguished  from  the  oV'^vt 
Ikaline  earths.  Magnesia  is  precipitated  from  \\a  B8\Va  «a  \  \iv^ 
ydnte  by  the  pure  aJkaUee,    It  it  precipitated  as  caxXionaXit  <A  \n»%r 
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neiii,  by  the  carbontf es  of  potassa  and  foda ;  but  the  bicaibooatef,  aid 
the  common  carbonate  of  ammonia,  do  not  precipitate  it  in  the  eoU. 
If  moderately  diluted,  the  salts  of  magnesia  are  not  precipitated  tr 
oxalate  of  ammonia.  By  means  of  tliis  reagent  magnesia  may  be  boll 
distinguished  and  separated  from  lime. 

The  compounds  of  maraesium  with  the  other  simple  sobstancfli 
have  little  interest.  The  chloride  is  formed  by  decomposing  muriate  of 
magnesia  by  heat ;  but  it  is  apt  to  lose  a  portion  of  muriaSc  acid  du^ 
ing  the  process.  It  is  very  deliquescent,  and  is  soluble  in  aleobol. 
It  is  composed  of  36  parts  or  one  equivalent  of  clilorine»  and  12 
parts  or  one  equivalent  of  magnesium. 


CLASS  I. 

ORDER  III. 

METdLLlC  BASES  OF  THE  EARTHS.    " 


SECTION  VIII. 

ALUMVSriUM. 

•  That  alumina  is  an  oxidized  body  was  proved  by  Sir  H.  "Dvfjt 
who  found  that  potassa  is  generated,  when  the  vapour  of  potassium  a 
brought  into  contact  with  pure  alumina  heated  to  whiteness;  and  it 
was  inferred,  chiefly  by  analogical  reasoning,  to  be  a  metallic  oiide. 
The  propriety  of  this  inference  has  been  demonstrated  by  M.  Wofaler, 
who  has  lately  procured  aluminiumy  the  metallic  base  of  alumina,  in 
a  pure  state.  (Edinburgh  Journal  of  Science,  No  xvii.  178.) 

The  preparation  of  this  metal  depends  on  the  property  which  potas* 
slum  possesses,  of  decomposing  the  chloride  of  aluminium.  Decom* 
position  is  effected  by  aid  of  a  moderate  increase  of  temperature;  bot 
the  action  is  so  violent,  and  accompanied  with  such  intense  disengtie* 
ment  of  heat  and  light,  that  the  process  cannot  be  safely  conducted 
in  glass  vessels.  Dr  Wohler  succeeded  in  effecting  the  decomposttioD 
in  a  platinum  crucible,  retaining  the  cover  in  its  place  by  a  piece  of 
wire.  The  heat  developed  during  the  action  was  so  great,  that  the 
crucible,  though  but  gently  heated  externally,  suddenly  became  red* 
hot.  The  platinum  is  scarcely  attacked  during  the  process;  but  to 
prevent  the  possibility  of  error  from  this  source,  the  decomposition 
was  effected  in  a  crucible  of  porcelain.  The  potassium  employed  for 
the  purpose  should  be  quite  free  from  carbon,  and  the  quantity  operat- 
ed on  at  one  time  not  exceed  the  size  of  ten  peas.  The  heat  was  ap- 
plied by  means  of  a  spirit  lamp,  and  continued  until  the  action  was 
completed.  The  proportion  of  the  materials  requires  to  be  carefolty 
adjuBted ;  for  the  potaasium  atioMX^b^  vcvaMch.<\uantity  as  to  prevent  anj 
chloride  of  aluminiam  fioiu  au\>\vaiSxi%  ^\itai%^^^x^^«M^VNliiot  fo 
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mnch  M  to  yield  an  alkaline  solation  when  the  prodoct  is  pat  into 
water.  Hie  matter  contained  in  the  crucible  at  the  close  of  the  opera- 
tion if  in  ceneral  completely  fused,  and  of  a  dark  gny  colour.  When 
quite  eola,  the  crucible  is  put  into  a  large  glass  full  of  water,  in  which 
the  saHne  matter  is  dissolved,  with  slight  disengagement  of  hydrogen 
of  an  oflensive  odour ;  and  a  gray  powder  separates,  which  on  close 
loepection,  especially  in  sunshine,  is  found  to  consist  solely  of  minute 
•ealee  of  metal.  Alter  being  well  washed  with  cold  water,  it  is  pure 
aluminium.  The  solution  is  neutral,  and  contains  a  quantity  of 
alamina,  owing  to  a  combination  being  formed  between  chloride  of 
aluminium  and  chloride  of  potassium  during  the  action. 

Alumlninm,  as  thus  formed,  is  a  gray  powder,  veiy  similar  to  that  of 
platinum.  It  is  generally  in  small  scales  or  spangles  of  a  metallic 
lustre ;  and  sometimes  small,  slightly  coherent,  sponey  masses  are  ob- 
served, which  in  some  places  have  the  lustre  and  white  colour  of  tin. 
The  same  appearance  is  rendered  perfectly  distinct  by  pressure  on 
steel,  or  in  an  agate  mortar ;  so  that  the  lustre  of  aluminium  is  decidedly 
metallic.  In  its  fused  state  it  is  a  conductor  of  electricity,  though  it 
does  not  possess^his  property  when  in  the  form  of  powder.  This  re- 
mark, of  a  metal  conducting  the  electric  fluid  in  one  state  and  not  in 
another,  is  very  instructive;  and  Dr  Wohler  observed  an  instance  of 
the  same  kind  in  iron,  which  in  the  state  of  fine  powder  is  a  non-con- 
ductor of  electricity. 

Aluminium  requires  for  fusion  a  temperature  higher  than  that  at 
which  cast  iron  is  liquefied.  When  heated  to  redness  in  the  open  air, 
it4akes  fire  and  bums  with  vivid  light,  yielding  aluminous  earth  of  a 
white  colour,  and  of  considerable  hardness.  Sprinkled  in  powder  in 
the  flame  of  a  candle,  brilliant  sparks  are  emitted,  like  those  given  off 
during  the  combustion  of  iron  in  oxygen  gas.  When  heated  to  red- 
ness in  a  vessel  of  pure  oxygen  gas,  it  burns  with  an  exceedingly 
vivid  light,  and  emission  of  intense  heat.  The  resulting  alumina  is 
partially  vitrified,  of  a  yellowish  colour,  and  equal  in  hardness  to  the 
native  crystallized  aluminous  earth,  the  corundum.  Heated  to  near 
ndnesfl  in  an  atmosphere  of  chlorine,  it  takes  fire,  and  chloride  of 
aluminium  is  sublimed. 

Aluminium  is  not  oxidized  by  water  at  common  temperatures,  nor 
ia  its  lustre  tarnished  by  lying  in  water  during  its  evaporation.  On 
heating  the  water  to  near  its  boiling  point,  oxidation  of  the  metal 
commences,  with  feeble  disengagement  of  hydrogen  gas,  the  evolu- 
tion of  which  continues  even  long  after  cooling,  but  at  length  wholly 
ceases..  The  oxidation,  however,  is  very  slight ;  and  even  after  con- 
tinued ebullition,  the  smallest  particles  of  aluminium  appear  to  have 
soffered  scarcely  any  change.  • 

Aluminium  is  not  attacked  by  concentrated  sulphuric  or  nitric  acfd 
at  common  temperatures.  In  the  former,  with  the  aid  of  heat,  it  is 
lapidly  dissolved  with  disengagement  of  sulphurous  acid  gas.  In 
dHute  muriatic  and  sulphuric  acid,  it  is  dissolved  with  evolution  of 
iqrdrog^n  eas*  It  is  easily  and  completely  dissolved  even  by  a  dilute 
solution  01  potassa,  hydrogen  gas  being  evolved  at  the  same  time-. 
Ammonia  produces  a  similar  effect,  and  renders  soluble  a  large  quan- 
tity of  aluminium.  The  hydrogen  gas  which  makes  its  appearance  is 
of  course  derived  from  water,  the  oxygen  of  which  combines  with 
ahnninium. 

Alumina  is  one  of  the  most  abundant  productions  of  nature.    It  is 
found  in  every  region  of  the  globe,  and  in  rocks  of  all  ages,  bein^  a  ca%- 
adtuent  of  the  oldest  primary  mountains,  of  the  second^t^  aXx^V^^  viA 
of  the  matt  ncent  tUuvud  depasitioDB. ,  The  diffexeii\.\uxi^  ol  ^v^  ^V 
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which  briclcB,  pipes,  and  earthenwsre  are  made,  eonaiats  of  bydiafe  at 
aluanina  in  a  greater  or  leas  degree  of  purity.  iThough  this  eai^ 
coanmonly  appears  in  rude  amorphous  masses,  it  is  aometimea  found 
beautifully  crystallized.  The  ruby  and  the  sapphire,  two  of  the  moit 
beautiful  gems  with  which  we  are  acquainted,  are  compooed  afanoit 
solely  of  alumina. 

Pure  alumina  is  prepared  from  alum,  the  aolphate  of  alumina  and 
potassa.    The  salt,  as  purchased  in  the  shops,  is  frequently  contaaii- 
nated  with  oxide  of  iron,  and  consequently  unfit  for  many  clieiidcal 
purposes ;  but  it  may  be  separated  from  this  impurity  by  lepealad 
crystallization.    The  absence  of  iron  is  proved  by  the  alum  befa^ 
soluble  without  residue  in  a  solution  of  pure  potaasa ;  whereas  when 
oxide  of  iron  is  present,  it  is  either  left  undissoWed  in  the  first  instaoea, 
or  deposited  after  a  few  hours  in  yellowish-brown  flocks.     Any  qau- 
tUy  of  purified  alum  is  dissolved  in  four  or  five  times  its  weient  of 
boiling  water,  a  slight  excess  of  carbonate  of  potaaaa  added,  and  tftsf 
digesting  for  a  few  minutes,  the  bulky  hydrate  of  alumina  is  eolleetad 
on  a  filter,  and  well  washed  with  hot  water.    It  is  necessary  in  tiiii 
operation  to  digest,  and  employ  an  excess  of  alkali ;  since  otberwisi 
the  precipitate  would  retain  some  sulphuric  acid  in  the  form  of  a  snb- 
salphate.    But  the  alumina,  as  thus  prepared,  ia  not  yet  quite  pore; 
for  it  retains  some  of  the  alkali  with  such  force,  that  it  cannot  be 
separated  by  the  action  of  water.    For  this  reason  the  precipitate 
must  be  re-dissolved  in  dilute  muriatic  acid,  and  thrown  down  bf 
means  of  pure  ammonia  or  its  carbonate.    This  precipitate, af^er  bring 
well  washed  and  exposed  to  a  white  heat,  yields  pure  anhydrous 
alumina.    Ammonia  cannot  be  employed  for  precipitating  alumlDOOS 
earth   directly   from   alum,   benausie  the  sulphate  of  alumina  is  DOt 
completely  decomposed  by  this  alkali.  (Berzelius.)    An  easier  pro- 
cess, proposed  by  Gay-Lussac,  is  to  expose  the  sulphate  of  alumiDa 
and  ammonia  to  a  strong  heat,  so  as  to  expel  the  ammonia  and  sul- 
phuric acid. 

Alumina  has  neither  taste  nor  smell,  and  is  quite  insoluble  in  water. 
It  is  very  infusible,  though  less  so  than  lime  or  magnesia.  It  bai  i 
powerful  aflinity  for  water,  attracting  moisture  from  the  atmosphere 
with  avidity;  and  for  a  like  reason,  it  adheres  tenaciously  to  the 
tongue  when  applied  to  it.  Mixed  with  a  due  proportion  of  water,  it 
yields  a  soft  cohesive  mass,  susceptible  of  being  moulded  into  r^ioltr 
forms,  a  property  upon  which  depends  its  employment  in  the  art  of 
pottery.  When  once  moistened,  it  cannot  be  rendered  anhydroQif 
except  by  exposure  to  a  full  white  heat ;  and  in  proportion  as  it  paiti 
with  water,  its  volume  diminishes.  (Page  41.) 

Alumina  most  probably  forms  several  different  hydrates  with  water,      i 
Dr  Thomson  has  described  two  different  compounds  of  this  kind 
One  is  the  bihydrate,  composed  of  one  equivalent  of  alumina  to  two 
of  water ;  and  it  is  procured  by  exposing,  for  the  space  of  two  months, 
alumina,  precipitated  by  means  of  an  alkali,  to  a  dry  air,  the  tempen- 
ture  of  which  does  not  exceed  60°  F.    The  other  compound  is  a     | 
protohydratc,  obtained  by  drying  the  5ihydrate  at  a  temperature  of     i 
100°  F.  by  which  means  half  of  its  water  is  expelled. 

Alumina,  owing  to  its  insolubility,  does  not  affect  the  blue  colovrof 
plants.  It  appears  to  possess  the  properties  both  of  an  acid  and  of  an 
alkali ; — of  an  acid,  by  uniting  with  alkaline  bases,  such  as  potaisiy 
lime,  and  baryta ; — of  an  alkali,  by  forming  salts  with  acids.  Id 
neither  case,  however,  are  its  soluble  compounds  neutral  with  lespect 
to  teat  paper. 
Cbemiaia  are  not  agreed  aa  to  lihe  coit^yaMi^^iwyaHg&ia^  ^l^liiina ; 
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liomBon,  aft6r  comparing  the  results  of  a  considerable  number 
MS,  has  fixed  upon  18  as  its  equivalent.  The  composition  of 
is  still  more  uncertain,  for  as  yet  no  direct  experiment  has 
ie  on  the  subject.  Dr  Thomson  considers  it  a  compound  of 
ortional  of  aluminium  and  one  of  oxygen,  and  on  this  sup- 
10  is  the  equivalent  of  the  former ;  but  Berzelius  believes 
Itation  to  be  analogous  to  that  of  the  peroxide  of  iron,  and  a 
rgument  may  be  adduced  in  favour  of  this  view. 
oa  Is  easily  recognised  by  the  following  characters.  1.  It  is 
1  from  acids,  as  a  hydrate,  by  all  the  alkaline  carbonates,  and 
ammonia.  2.  It  is  precipitated  by  pure  potassa  or  soda,  but 
ipitate  is  completely  re-dissolved  by  an  excess  of  the  alkali. 
Ide  of  jiluminium. — This  compound  was  discovered  some 
>  by  Professor  Oersted,  by  transmitting  dry  chlorine  gas  over 
d  01  alumina  and  charcoal  heated  to  redness.  By  acting  on 
tance  with  an  amalgam  of  potassium  and  expelling  the  mer- 
heat,  he  obtained  metallic  matter,  which  he  believed  to  be 
im ;  but  not  having  leisure  to  pursue  the  inquiry  himself,  he 
d  Dr  Wohler  to  investigate  the  subject.  Dr  Wohler  did  not 
:  any  satisfoctory  conclusion  by  the  method  suggested  by 
;  but  met  with  complete  success  by  means  of  pure  potassium, 
y  described. 

ocure  the  chloride  of  aluminium,  Dr  Wohler  precipitated 
IS  earth  from  a  hot  solution  of  alum  by  means  of  potassa,  and 
e  hydrate,  when  dry,  with  pulverized  charcoal,  sugar,  and  oil, 
form  a  thick  paste,  which  was  heated  in  a  covered  crucible, 
the  organic  matter  was  destroyed.  By  this  means  the  alumina 
ught  into  a  state  of  intimate  mixture  with  finely  divided 
,  and  while  yet  hot,  was  introduced  into  a  tube  of  porcelain, 
a  convenient  furnace.  After  expelling  atmospheric  air  from 
ior  of  the  apparatus  by  a  current  of  dry  chlorine  gas,  the  tube 
igfat  to  a  red  heat.  The  formation  of  chloride  of  aluminium 
mmenced,  and  continued,  with  disengagement  of  carbonic 
is,  during  an  hour  and  a  half,  when  the  tube  became  imper- 
m  sublimed  chloride  of  aluminium  collected  within  it.  The 
was  then  necessarily  discontinued. 

IS  formed,  chloride  of  aluminium  is  of  a  pale  greenish-yellow 
partially  translucent,  and  of  a  highly  crystalline  lamellated 
somewhat  like  talc,  but  without  regular  crystals.  On  ez- 
1  the  air  it  fumes  slightly,  emits  an  odour  of  muriatic  acid  gas, 
liquescing,  yields  a  clear  liquid.  When  thrown  info  water, 
edily  dissolved  with  a  hissing  noise ;  and  so  much  heat  is 
that  the  water,  if  in  small  quantity,  is  brought  into  a  state  of 
allition.  The  solution  is  the  common  muriate  of  alumina, 
>y  decomposition  of  water.  According  to  Oersted,  it  is  vols* 
temperature  a  little  higher  than  212%  aqd  its  point  of  fusion 
f  at  the  same  degree. 

luret  of  Muminium. — Sulphur  may  be  distilled  from  alumi* 
thout  combining  with  it ;  but  if  a  piece  of  sulphur  is  dropped 
inium  when  strongly  fncandescent,  so  that  it  may  be  enveloped 
mosphere  of  the  vapour  of  sulphur,  the  union  is  effected  with 
ibsion  of  light.  The  resulting  sulphuret  is  a  partially  vitrified, 
stallie  mass,  which  acquires  an  iron-black  metallic  lustre 
lamished.  On  exposure  to  the  air,  it  emits  a  strong  odour 
imretted  hydrogen,  swells  up  gradually,  and  falls  into  «l  ^w) 
,  sulphuretted  hydrogen  gas  and  a)um\f\2i  \>e\u\|;  oW\o>m&^ 
fdMttbe  oxpea§9  of  the  watery  vapour  ftoatin^  Vu  ^«  ^Vmc^vt 
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phere.  Applied  to  iho  tongue,  it  excites  a  pricking  wsrm  taste  of 
«iiiphuretted  hydrogen.  When  thrown  into  pure  water,  sulphuretted 
hydroffen  gas  is  rapidly  disengaged,  and  gray  alumina  deposited. 

Dr  Wohler  finds  that  sulphuret  of  aluminium  cannol  be  generated 
by  the  action  of  hydrogen  gas  on  sulphate  of  alumina  at  a  red  heat; 
for  in  that  case  all  the  acid  is  expelled,  without  the  aluminous  earth 
being  reduced. 

Phosphurei  of  Aluminium, — When  aluminium  is  heated  to  redaeif 
in  contact  with  the  vapour  of  phosphorus,  it  takes  fire,  and  emiii  i 
brilliant  light.  The  product  is  described  by  Dr  Wohler  as  a  blackiib- 
gray  pulverulent  mass,  which  by  friction  acquires  a  dark  gray  metalBC 
lustre,  and  in  the  air  smells  instantly  of  phosphuretted  hydrogen,  ^f 
the  action  of  water,  alumina  and  phosphuretted  hydrogen  gu  ue 
generated,  but  the  latter  is  not  spontaneously  explosive.  The  tStt' 
vescence  is  less  rapid  than  with  the  sulphuret,  but  is  incr^Md  by 
heat. 

Stleniuret  of  Aluminium. — This  compound  is  formed,  with  dii> 
engagement  of  heat  and  light,  by  heating  to  redness  a  mixtore  of 
selenium  and  aluminium.  The  product  is  black,  pulverulent,  and 
assumes  a  dark  metallic  lustre  when  rubbed.  In  the  air,  it  emite  i 
strong  odour  of  seleniuretted  hydrogen  ;  and  this  gas  is  rapidly  dis- 
engaged by  the  action  of  water,  which  is  speedily  reddened  by  (he 
separation  of  selenium. 


SECTION  IX. 

GLUCIJVIUM,  YTTRIUM,  ZIRCOJVIUM, 

Glucinium, 

Glucina,  which  was  discovered  by  Vauquelin  in  the  year  1798, 
has  hitherto  been  found  only  in  three  rare  minerals,  the  euclase,  beryl,     j 
and  emerald.    It  is  supposed  by  analogy  to  be  the  oxide  of  a  metili 
and  its  supposed  metallic  base  is  called  Glucinium." 


I 


*  Glucinium  has  been  obtained  in  a  separate  state  by  Dr  Wohler:  j 

his  process  is  as  follows : — Mix  pure  glucina  intimately  with  cbarcoal*  ^ 

and  heat  it  to  redness,  exposed  to  a  current  of  dry  chlorine.    A  cblo-  i 

ride  of  glucinium  is  thus  obtained,  sublimed  in  brilliant  white  needle?!  J 

one  part  of  which  presents  a  compact  texture,  and  the  remainder t  j;; 

solid  fused  mass.    Place  the  chloride  thus  formed  in  layers,  in  t  s 

platinum  crucible,  along  with  Battened  pieces  of  potassium.    Fix  the  ■). 

cover  on  tightly  by  means  of  a  wire,  and  heat  with   a  spirit  lanp<  ^ 

The  reduction  immediately  takes  place,  and  with  so  great  an  extrication  v, 

of  caloric,  that  the  crucible  becomes  of  a  white-red  heat.    Allow  the  ^ 

crucible  to  cool  completely,  take  off' the  cover,  and  empty  its  contenti  ^ 

into  a  large  glass  filled  with  water.    The  fused  gray  mass,con8iilin|{of  ^ 

the  chlorides  of  potassium  and  glucinium,  dissolves,  while  the  glodniuiD  ^ 

remains  behind  in  the  form  of  a  grayish-black  powder,  which  if  to  be  ^ 

thrown  upon  a  filter,  wa6\\e(\  aM  AxVed.  ^ 

Giucinium  is  in  the  form  o^  a  ^«c\l  f.t^'^  v^^n^vc^x^iiNE&hUncioiU  » 

respects  a  metal  precipitated  \u  \3ttft  ^\An^\>3N«qX  V«x!^,    '^i^^w.  "^  ^ 
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Gladna  Is  commonly  prepared  from  beryl,  io  which  it  exists  to 
tbe  extent  of  about  14  percent,  combined  with  silica  and  alumina. 
In  order  to  procure  it  in  a  separate  state,  the  mineral  is  reduced  to  an 
ezceedinzly  fine  powder,  mixed  with  three  times  its  weight  of  car- 
bonate of  potassa,  and  exposed  to  a  strong  red  heat  for  half  an  hour. 
ao  that  the  mixture  may  be  fused.  The  mass  is  then  dissolved  in 
dilate  muriatic  acid,  and  the  solution  evaporated  to  perfect  dryness; 
by  which  means  the  silica  is  rendered  quite  insoluble.  The  alumina 
tnd  glucina  are  then  redissolved  in  water  acidulated  with  muriatic 
tcid,  and  thrown  down  together  with  pure  ammonia.  The  precipitate, 
after  being  well  washed,  is  macerated  with  a  large  excess  of  carbonate 
of  ammonia,  by  which  glucina  is  dissolved  ;  and  on  boiling  the 
filtered  liquid,  carbonate  of  glucina  subsides.  By  means  of  a  red 
heat,  tbe  carbonic  acid  is  entirely  expelled. 

Glodna  is  a  white  powder,  which  has  neither  taste  nor  odour,  and 
Is  quite  insoluble  in  water.  Its  specific  gravity  is  3.  Vegetable 
oelotirs  are  not  affected  by  it.  The  s^lts  which  it  forms  with  acids 
have  a  sweetish  taste,  a  circumstance  which  distinguishes  glucina 
from  other  earths,  and  from  which  its  name  is  derived.*  According 
to  the  analysis  of  Dr  Thomson  and  Berzelius,  26  is  the  atomic  weight 
of  iB^lucina. 

Glucina  may  be  known  chemically  by  the  following  characters.  1. 
Pure  potassa  or  soda  precipitates  glucina  from  its  salts,  but  an  excess 
of  the  allcali  redissolves  it.  2.  It  is  precipitated  permanently  by  pure 
ammonia  as  the  hydrate,  and  by  fixed  alkaline  carbonates,  as  car- 
bonate of  glucina.  3.  It  is  dissolved  completely  by  a  cold  solution 
of  carbonate  of  ammonia,  and  is  precipitated  from  it  by  boiling.  By 
Beans  of  this  properly,  glucina  may  be  both  distinguished  and  sepa- 
rated from  alumina. 

Ttirium, 

Yltrium  f  is  the  supposed  metallic  base  of  an  earth  which  was 
discovered  in  the  year  1794  by  Professor  Gadolin,  in  a  mineral  found 
M  Ytterby  in  Sweden,  from  which  it  received  the  name  of  Yttria, 


bnmisher,  it  assumes  a  dull  metallic  lustre.  Its  fusing  point  is  very 
lligh.  It  undergoes  no  change  either  in  air  or  when  exposed  to  boiling 
Water.  Whenneated  to  redness  on  platinum  foil,  it  takes  fire,  and 
buma  with  great  brilliancy,  and  glucina  is  regenerated.  In  oxygen  it 
bums  with  extraordinary  brilliancy  ;  and  yet  the  glucina  formed  gives 
tio  iDdications  of  fusion.  It  burns  also  in  chlorine,  and  in  the  vapours 
of  bromine  and  iodine.    An.  de  Ch.  et  de  Ph.  Sep.  1S28.  B. 

•  From  yxvitvs  sweet. 

t  Yttrium  was  obtained  by  Dr  Wohler  in  the  same  manner  as  glu- 
cinium. (See  note  to  the  preceding  page.)  As  first  obtained,  it 
iiiesents  tbe  appearance  of  small  scales,  possessing  a  perfect  metallic 
oatre.  After  being  washed  and  dried,  it  appears  under  the  form  of  a 
chlnlD^  metallic  powder,  of  a  grayish- black  colour.  By  reason  of  its 
tnetallic  and  crystalline  appearance,  it  is  readily  distinguished  from 
glucinium  and  aluminium.  Under  the  burnisher,  it  gives  a  true 
metallic  trace.  It  is  very  far,  however,  from  having  a  metallic  lustre 
comparable  to  tha{  of  aluminium,  which  is  remarkably  white  and 
metallic.  At  ordinary  temperatures,  it  is  not  oxidized  either  by  air  or 
water.  Heated  to  redness  in  the  open  air,  it  takes  fire  and  burns  with. 
dazzling  splendour,  regenerating  yttria.  In  pure  ox^^'&ii  W.  WxtA 
with  e^tnordlaaiy  brilliaDcy.    An.  de  Ch.  ei  de  Ph.  Sep.  \'$»*i&,  ^» 
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Vttria  resembles  alumina  and  glucina  in  its  chemical  properties; 
but  is  distinguished  (rom  both  by  being  insoluble  in  a  solution  of  pure 
potassa.  Its  atomic  weight,  as  deduced  by  Dr  Thomson  from  the 
analyses  of  Berzelius,  is  42. 

The  substance  called  thorina,  supposed  by  Berzelius  to  be  a  die- 
tiuct  earth,  has  been  recognised  by  that  chemist  to  be  phosphate  of 
yltiia*. 

Zirconium. 

The  experiments  of  Sir  H.  Davy  proved  zirconia  to  be  an  oxidittd 
body,  and  afforded  a  presumption  that  its  base,  zirtonium,  is  of  i 
metallic  nature.  The  decomposition  of  this  earth,  however,  had  not 
been  effected  in  a  satisfactory  manner  till  the  year  1824,  when  Betie- 
lius  succeeded  in  obtaining  zirconium  in  an  insulated  state. 

Zirconium  is  procured  by  heating  a  mixture  of  potassium,  and  by^ 
drofluate  of  zirconia  and  potassa,  carefully  dried,  in  a  tube  ofglanor 
iron,  by  means  of  a  spirit  lamp.  The  reduction  takes  place  at  a  tern* 
perature  below  redness,  and  without  emission  of  light.  The  mass  ii 
then  washed  with  boiling  water,  and  afterwards  digested  for  some 
time  in  dilute  muriatic  acid.    The  residue  is  pure  zirconium. 

Zirconium,  thus  obtained,  is  iu  the  form  of  a  black  powder,  whidi 
may  be  boiled  in  water  without  being  oxidized,  and  is  attacked  with 
difficulty  by  sulphuric,  muriatic,  or  nitro-muriatic  acid;  but  is  dissolv- 
ed readily,  and  with  disengagement  of  hydrogen  gas,  by  hydrofluorie 
acid.  Heated  in  the  open  air  It  takes  fire  at  a  temperature  far  below 
luminousnesii,  burns  brightly,  and  is  converted  into  zirconia.  Its  me* 
tallic  nature  seems  somewhat  questionable.  It  may  indeed  be  press* 
ed  out  into  thin  shining  scales  of  a  dark  gray  colour,  and  of  a  lustre 
which  may  be  called  metallic;  but  its  particles  cohere  together  very 
feebly,  and  it  has  not  been  procured  in  a  state  capable  of  conducting 


*  Berzelius  discovered  in  1829  a  new  earth,  to  which  he  has  given 
the  name  ihorina,  an  appellation  which  he  formerly  applied  to  a  sub- 
stance, erroneously  supposed  by  him  to  be  an  earth,  but  which  he  after- 
wards ascertained  to  be  phosphate  of  y  ttria,  as  mentioned  by  Dr  Tomer. 

Thorina  is  a  constituent  of  a  new  mineral  found  at  Brevig  in  Nor- 
way. It  is  white  and  irreducible  by  charcoal  and  potassium.  I" 
specific  gravity  is  9.4.  After  having  been  strongly  ignited,  it  is  do^ 
attacked  by  any  of  the  acids,  except  the  concentrated  sulphuric.  It 
dissolves  very  readily  in  carbonate  of  ammonia.  On  heating  ^^ 
solution,  a  portion  of  the  earth  is  precipitated,  but  is  afterwards  re- 
dissolved  as  the  solution  cools. 

Thorinium,  or  the  radical  of  thorina,  is  obtained  by  decomposiog 
chloride  of  thorinium  by  means  of  potassium.  It  is  a  gray  metiffic 
powder,  incapable  of  decomposing  water,  but  which,  when  heated 
above  redness,  burns  with  a  splendour  nearly  equal  to  that  of  the  coo- 
bustion  of  phosphorus  in  oxygen.  It  is  but  slightly  acted  on  by  nitric 
or  sulphuric  acid.  Muriatic  acid,  on  the  contrary,  dissolves  it  with 
brisk  effervescence. 

The  sulphate  of  thorina  has  the  remarkable  property  of  being  wry 

soluble  in  cold  water,  but  nearly  insoluble  in  boiling  water.    The  earth 

itself  contains  11.8  per  ceut  of  oxygen ;  and  assuming  it  to  be  a  p")* 

f oxide,  the  eqviivaAent  nxitobex  ol  V\iwvcC\v«a^\\\Vi^  nearly  60.   M 

de  Ch.  et  de  Ph,  jjoiit  18^9.  B. 
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ileeUidty.    These  points,  however,  require  further  investigatioo  be- 
fore a  decisive  opbioo  on  the  subject  can  be  adopted*. 

Zirconia  was  discovered  in  the  year  1789  by  Klaproth  in  the  Jargon 
>r  Zircon  of  Ceylon,  and  has  since  been  found  in  the  Hyacinth  from 
Ezpailly  in  France.  It  is  an  earthy  substance,  resembling  alumina  in 
ippearance,  of  specific  gravity  4.3,  having  neither  taste  nor  odour, 
ind  quite  insoluble  in  water.  Its  colour,  when  pure,  is  white ;  but  it 
las  frequently  a  tinge  of  yellow,  owing  to  the  presence  of  iron,  from 
^hich  it  is  separated  with  great  difficulty.  Its  salts  are  distinguished 
from  those  of  alumina  or  glucina  by  being  precipitated  by  all  the  pure 
ilkalies,  in  an  excess  of  which  it  is  insoluble.  The  alkaline  carbonates 
precipitate  it  as  carbonate  of  zirconia,  and  a  small  portion  of  it  is  re- 
lissolved  by  an  excess  of  the  precipitant. 

The  composition  of  zirconia  has  not  yet  been  satisfactorily  determine 
ed.  From  some  analyses  by  Berzelius,  described  in  the  Essay  above 
referred  to,  it  is  probable  that  the  atomic  weight  of  this  earth  is  about 
80  or  83. 

Sulphuret  of  Zirconium, — ^This  compound  may  be  prepared,  ac- 
cording to  Berzelius,  by  heatins  zirconium  with  sulphur  in  an  at- 
Biosphere  of  hydrogen  gas ;  and  the  union  is  effected  with  feeble  emis- 
sion of  light.  The  product  is  pulverulent,  a  non-conductor  of  elec- 
tricity, of  a  dark  chesout-brown  colour,  and  without  lustre.  It  is 
latoluble  in  sulphuric,  nitric,  and  muriatic  acid;  and  it  is  slowly 
attacked  by  nitro-muriatic  acid,  even  with  the  aid  of  heat.  It  is  readily 
^stolved  by  hydrofluoric  acid,  with  disengagement  of  hydrogen  gas. 


SECTION  X. 


SILICIUM. 


That  silica  or  siliceous  earth  is  composed  of  a  combustible  body 
tmited  with  oxygen,  was  demonstrated  by  Sir  H.  Davy ;  for  on  bring- 
\ng  the  vapour  of  potassium  in  contact  with  pure  silica  heated  to 
wnUeness,  a  compound  of  silica  and  potassa  resulted,  through  which 
was  difiiised  the  inflammable  base  of  silica,  in  the  form  of  black  parti- 
dea  like  plumbago.  To  this  substance,  on  the  supposition  of  its  being 
a  metal,  the  term  tHicium  was  applied.  But  though  this  view  has 
been  adopted  by  most  chemists,  so  little  was  known  with  certainty 
eonceminff  the  real  nature  of  the  base  of  silica,  that  Dr  Thomson  in- 
dioed  to  the  opinion  of  its  being  a  non-metallic  body,  and  accordingly 
BMOciated  it,  in  his  system  of  chemistry,  with  carbon  and  boron  under 
tiie  name  of  silicon.  The  recent  researches  of  Berzelius  appear  aK 
■MMt  decisive  of  this  question.  A  substance  which  wants  the  metallic 
loflCre,  and  is  a  non-conductor  of  electricity,  cannot  be  regarded  as  a 
niietal.  It  may  not  be  improper,  however,  to  have  the  absence  of  these 
qualities  more  completely  ascertained,  before  separating  silica  from  a 
elass  of  bodies  with  which,  in  several  respects,  it  is  so  nearly  allied. 

Pure  silicium  was  first  procured  by  Berzelius  in  the  year  1824  by 


*  PogKendorff^s  Annalen,  vol.  iv.,  or  Quarterly  Joum^A  o^  %<i\^\ic^^ 
SfUi.  167. 
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wUch  bricks,  pipes,  and  eartbenware  are  made,  eonabta  of  hydrato  of 
aiuroina  in  a  ppreater  or  less  degree  of  puritj.  iTbough  this  enA 
coBDmoDiy  appears  in  rude  amorphous  masses.  It  Li  sometimes  §emaA 
beautifully  crysullized.  The  ruby  and  the  sapphire,  two  of  the  meil 
beautiful  sems  with  which  we  are  acquainted,  are  compoeed  almMt 
solely  of  alumina. 

Pure  alumina  is  prepared  from  alum,  the  sulphate  of  alumina  wA 
potassa.  The  salt,  as  purchased  in  the  shops.  Is  frequenUy  contaai- 
nated  with  oiide  of  iron,  and  consequently  unfit  for  many  chenriaJ 
purposes ;  but  it  may  be  separated  from  this  impurity  bv  nptM 
ciystallization.  The  absence  of  iron  is  proved  by  the  alum  belif 
soluble  without  residue  in  a  solution  of  pure  potassa ;  whereas  whii 
oxide  of  iron  is  present,  it  is  either  left  undissoWed  in  Uie  first  Instaseet 
or  deposited  after  a  few  hours  in  yellowish-brown  flocks.  Any  qoM- 
tity  of  purified  alum  Is  dissolved  in  four  or  five  times  Its  wdcnt  ti 
boiling  water,  a  slight  excess  of  carbonate  of  potassa  added,  and  iAk 
digesting  for  a  few  minutes,  the  bulky  hydrate  of  alumina  is  eollaeM 
on  a  filter,  and  well  washed  with  hot  water.  It  Is  neeessaiy  te  tUi 
operation  to  digest,  and  employ  an  excess  of  alkali ;  since  othenvln 
the  precipitate  would  retain  some  sulphuric  acid  in  the  form  of  a  sdb> 
sulphate.  But  the  alumina,  as  thus  prepared,  is  not  yet  quits  pme; 
for  it  retains  some  of  the  alkali  with  such  force,  that  it  cannst  be 
separated  by  the  action  of  water.  For  this  reason  the  predpitits 
must  be  re-dissolved  in  dilute  muriatic  acid,  and  thrown  down  by 
means  of  pure  ammonia  or  its  carbonate.  This  precipitate,  after  being 
well  washed  and  exposed  to  a  white  heat,  yields  pure  anbydrooi 
alumina.  Ammonia  cannot  be  employed  for  precipitating  aluroioooi 
earth  directly  from  alum,  because  the  sulphate  of  alumina  Is  not 
completely  decomposed  by  this  alkali.  (Berzelius.)  An  easier  pro- 
cess, proposed  by  Gay-Lussac,  is  to  expose  the  sulphate  of  alumina 
and  ammonia  to  a  strong  heat,  so  as  to  expel  the  ammonia  and  sul- 
phuric acid. 

Alumina  has  neither  taste  nor  smell,  and  is  quite  insoluble  in  watsr. 
It  is  very  infusible,  though  less  so  than  lime  or  magnesia.  It  bai  i 
powerful  affinity  for  water,  attracting  moisture  from  the  atmospbsfS 
with  avidity ;  and  for  a  like  reason,  it  adheres  tenaciously  to  dM 
tongue  when  applied  to  it.  Mixed  with  a  due  proportion  of  water,  it 
yields  a  soft  cohesive  mass,  susceptible  of  being  moulded  into  regiriv 
forms,  a  property  upon  which  depends  its  employment  in  the  art  of 
pottery.  When  once  moistened,  it  cannot  be  rendered  anhydrooii 
except  by  exposure  to  a  full  white  heat;  and  in  proportion  as  itputi 
with  water,  its  volume  diminishes.  (Page  41.) 

Alumina  most  probably  forms  several  different  hydrates  with  water. 
Dr  Thomson  has  described  two  different  compounds  of  this  kind- 
One  is  the  biliydrate,  composed  of  one  equivalent  of  alumina  to  two 
of  water ;  and  it  is  procured  by  exposing,  for  the  space  of  two  monthff 
alumina,  precipitated  by  means  of  an  alkali,  to  a  dry  air,  the  tempon* 
ture  of  which  does  not  exceed  60°  F.  The  other  compound  ii  > 
protohydrate,  obtained  by  drying  the  Eihydrate  at  a  temperature  of 
100°  F.  by  which  means  half  of  its  water  is  expelled. 

Alumina,  owing  to  its  insolubility,  does  not  affect  the  blue  coloorof 
plants.  It  appears  to  possess  the  properties  both  of  an  acid  and  of  so 
alkali ; — of  an  acid,  by  uniting  with  alkaline  bases,  such  as  potaittt 
lime,  and  baryta  ;•— of  an  alkali,  by  forming  salts  with  acids.  In 
neither  case,  however,  are  its  soluble  compounds  neutnd  with  tuftd 
to  teat  paper. 
CliemJsts  are  not  agreed  as  to  tihe  ^oi 
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lomson,  aftir  comparing  the  results  of  a  considerable  number 
if,  has  fixed  upon  18  as  its  equivalent.  The  composition  of 
I  still  more  uncertain,  for  as  yet  no  direct  experiment  has 
B  on  the  subject.  Dr  Thomson  considers  it  a  compound  of 
rtional  of  aluminium  and  one  of  oxygen,  and  on  this  sup- 
10  is  the  equivalent  of  the  former ;  but  Berzelius  believes 
ution  to  be  analogous  to  that  of  the  peroxide  of  iron,  and  a 
;ument  may  be  adduced  in  favour  of  this  view. 
la  is  easily  recognised  by  the  following  characters.    1.  It  is 

from  acidSa  as  a  hydrate,  by  all  the  alkaline  carbonates,  and 

mmonia.    2.  It  is  precipitated  by  pure  potassa  or  soda,  but 

>ltate  is  completely  re-dissolved  by  an  excess  of  the  alkali. 

ie  of  jSluminium, — This  compound  was  discovered  some 

by  Professor  Oersted,  by  transmitting  dry  chlorine  gas  over 

of  alumina  and  charcoal  heated  to  redness.    By  acting  on 

ance  with  an  amalgam  of  potassium  and  expelling  the  mer- 

eat,  he  obtained  metallic  matter,  which  he  believed  to  be 

1 ;  but  not  having  leisure  to  pursue  the  inquiry  himself,  he 

Dr  Wohler  to  investigate  the  subject.    Dr  Wohler  did  not 

any  satisfactory  conclusion  by  the  method  suggested  by 

but  met  with  complete  success  by  means  of  pore  potassium, 

'  described. 

cure  the  chloride  of  aluminium,  Dr  Wohler  precipitated 
I  earth  from  a  hot  solution  of  alum  by  means  of  potassa,  and 

hydrate,  when  dry,  with  pulverized  charcoal,  sugar,  and  oil, 
>rm  a  thick  paste,  which  was  heated  in  a  covered  crucible, 
tie  organic  matter  was  destroyed.  By  this  means  the  alumina 
ght  into  a  state  of  intimate  mixture  with  finely  divided 
and  while  yet  hot,  was  introduced  into  a  tube  of  porcelain, 
convenient  furnace.  After  expelling  atmospheric  air  from 
3r  of  the  apparatus  by  a  current  of  dry  chlorine  gas,  the  tube 
rht  to  a  red  heat.  The  formation  of  chloride  of  aluminium 
imenced,  and  continued,  with  disengagement  of  carbonic 
,  during  an  hour  and  a  half,  when  the  tube  became  imper- 
1  sublimed  chloride  of  aluminium  collected  within  it,  The  ' 
"as  then  necessarily  discontinued. 

I  formed,  chloride  of  aluminium  is  of  a  pale  greenish-yellow 
artially  translucent,  and  of  a  highly  crystalline  bmellated 
omewhat  like  talc,  but  without  regular  crystals.  On  ex* 
the  air  it  fumes  slightly,  emits  an  odour  of  muriatic  acid  gas, 
]uescing,  yields  a  clear  liquid.  When  thrown  info  water, 
lily  dissolved  with  a  hissing  noise ;  and  so  much  heat  is 
hat  the  water,  if  in  small  quantity,  is  brought  into  a  state  of 
llition.  The  solution  is  the  common  muriate  of  alumina* 
f  decomposition  of  water.  According  to  Oersted,  it  is  vola» 
emperature  a  little  higher  than  212%  aqd  its  point  of  fusion 
at  the  same  degree. 

tret  of  j9/timtntufn.— ^Sulphur  may  be  distilled  from  alumi* 
tiout  combining  with  it ;  but  if  a  piece  of  sulphur  is  dropped 
lium  when  strongly  fncandescent,  so  that  it  may  be  enveloped 
losphere  of  the  vapour  of  sulphur,  the  union  is  effected  with 
ission  of  light.  The  resulting  sulphuret  is  a  partially  vitrified, 
;alUe  mass,  which  acquires  an  iron-black  metallic  lustre 
imished.  On  exposure  to  the  air,  it  emits  a  strong  odour 
netted  hydrof|;en,  swells  up  gradually,  and  falls  into  a  ^\v) 

sulphuretted  hydrogen    gas  and  a\um\i\9i  V^xti^,  oViv^xati^'^ 
imttbe  expease  of  the  watery  vapour  flo%\xik^  Va  ^«  ^Xm^vt 
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the  action  of  potassium  od  fluofilicic  acid  gas ;  but  it  b  more  con* 
TcnicDtly  prepared  from  the  double  hydrofluate  of  silica  and  potassa  m 
soda,  previously  dried  by  a  temperature  near  that  of  redness.    Id  tlui 
state  the  compound  may  be  regarded  as  a  double  fluoride,  in  wUch 
neither  oxygen  nor  hydrogeb  are  present ;  and  when  heated  in  a  glan 
tube  with  potassium,  this  metal  unites  with  fluorine,  and  siliciuin  is 
separated.    The  heat  of  a  spirit  lamp  is  sufficient  for  the  purpose) 
and  the  decomposition  takes  place,  accompanied  with  feeble  detooa- 
tioD,  before  the  mixture  becomes  red-hot.    When  the  mass  Is  cold,  (In 
soluble  parts  are  removed  by  the  action  of  water;  the  first  portions  of 
which  produce  disengagement  of  hydrogen  gas,  owing  to  the  pre- 
sence of  some  siliciuret  of  potassium.    The  silicium  thus  procured  ii 
chemically  united  with  a  little  hydrogen,  and  at  a  red  heat  bums  fi- 
vidly  in  oxygen  gas.    In  order  to  render  it  quite  pure,  it  should  be 
first  heated  to  redness,  and  then  digested  in  dilute  hydrofluoric  acUto 
dissolve  adherent  particles  of  silica.  (Annals  of  Philosophy,  zxvL  116.) 

Silicium,  obtained  in  this  manner,  has  a  dark  nut-brown  cokNir, 
without  the  least  trace  of  metallic  lustre.  It  is  a  non-conductor  of 
electricity.  It  is  incombustible  in  air  and  in  oxygen  gas ;  and  may 
be  exposed  to  the  flame  of  the  blowpipe  without  rasing  or  undergoing 
any  other  change.  It  is  neither  dissolved  nor  oxidixed  by  the  nil- 
pbuiic,  nitric,  muriatic,  or  hydrofluoric  acid;  but  a  mixture  of  the 
nitric  and  hydrofluoric  acids  dissolves  it  readily  even  in  the  coM*. 

Silicium  is  not  changed  by  ignition  with  chlorate  of  potassa.  la 
nitre  it  does  not  deflagrate,  until  the  temperature  is  raised  so  high  that 
the  Qcid  is  decomposed ;  and  then  the  oxidation  is  effected  by  the 
affmity  of  the  disengaged  alkali  for  silica,  cooperating  with  the  attrac- 
tion of  oxygen  for  silicium.    For  a  similar  reason  it  burns  vividly 


*  Dr  Turner  has  not,  I  think,  described  .in  a  sufficiently  distinct 
manner  the  two  states  under  which  silicium  appears.  Its  characten 
«rc  so  much  altered  by  exposure  to  a  high  temperature,  that  Berzelios 
has  deemed  it  expedient  to  give  a  separate  description  of  the  proper- 
ties which  it  presents  before  and  after  ignition. 

Silicium  before  ignition  is  neither  dissolved  nor  oxidized  by  sul- 
phuric, nitric,  or  nitro-muriatic  arid,  even  at  the  -boiling  tempera- 
ture ;  but  is  soluble  in  liquid  hydrofluoric  acidf  at  common  tem- 
peratures, and  in  a  heated  concentrated  solution  of  caustic  potassa. 
It  burns  readily  and  vividly  in  air,  and  still  more  vividly  in  oxygen  gas* 
A  part  of  it  only  undergoes  combustion,  the  remainder  being  protected 
by  the  coating  of  silica  which  becomes  formed.  In  this  state  siliciiDB 
contains  a  little  hydrogen. 

If  a  portion  of  silicium  which  has  undergone  combustion  on  its8a^ 
face,  be  subjected  to  the  action  of  hydrofluoric  acid,  the  iiliea  is  re- 
moved, and  a  nucleus  of  silicium  is  obtained  in  that  state  in  which  it 
exists,  after  having  been  condensed  and  altered  in  its  properties  bf 
heat.  It  is  now  perfectly  incombustible,  and  is  no  longer  soluble  in 
hydrofluoric  acid  or  a  solution  of  caustic  potassa. 

Berzelius  does  not  appear  to  attribute  the  difference  in  properties  of 
the  two  varieties  of  silicium  to  the  presence  of  hydrogen  in  one  of  tbem; 
but  rather  to  a  difference  in  the  aggregation  of  the  particles.  Btn^' 
Jiuf,  Tiaite  de  Chimie,  I.  370.    B. 

t  The  acid  given  in  iVie  TiencVk  «^\V\ou  o^  '^^tx^Vboa'a  work  is  t^ 
hifdrochlaric  ;  but  this  is  evVdenWv  a^  isi\*v^t.  'ft. 
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when  breaght  into  contact  with  carbonate  of  polassa  or  soda,  and  the 
combmtion  ensues  at  a  temperature  considerably  below  redness.  It 
explodes,  in  consequence  of  a  copious  evolution  of  liydrogen  gas, 
wiiea  it  i»  dropped  upon  the  fused  hydrate  of  potassa,  soda,  or  baryta. 

Oxide  of  Silidum^  or  Silica. 

Silica  exists  in  the  earth  in  great  quantity.  It  enters  into  the  com- 
position of  most  of  the  earthy  minerals;  and  under  the  name  of  quartz 
roclc,  forms  independent  mountainous  masses.  It  is  the  chief  ingredient 
in  sandstones ;  and  flint,  calcedony,  rock  crystal,  and  other  analogous 
•ubstances,  consist  almost  entirely  of  silica.  Siliceous  earth  of  suffi- 
deot  purity  for  most  purposes  may,  indeed,  be  procured  by  igniting 
transparent  specimens  of  rock  crystal,  throwing  them  while  red-hot 
into  water,  and  then  reducing  them  to  powder. 

Pure  silica,  m  this  state,  is  a  light  white  powder,  which  feels  rough 
and  dry  when  rubbed  between  the  fingers,  and  is  both  insipid  and  in- 
odorous. It  is  fixed  in  the  fire,  and  is  very  infusible  ;  but  fuses  be- 
fore the  ozy-bydrogen  blowpipe  with  greater  facility  than  lime  or 
magnesia. 

In  its  solid  form,  it  is  quite  insoluble  in  water ;  but  Berzelius  has 
fhowD  that,  when  sUica  in  the  nascent  state  is  in  contact  with  that 
fluid,  it  is  dissolved  in  large  quantity.  On  evaporating  the  solution 
gently,  a  bulky  gelatinous  substance  separates,  which  is  the  hydrate 
of  silica.  This  hydrate  is  partially  decomposed  by  a  very  moderate 
temperature  ;  but  a  red  heat  is  required  for  expelling  the  whole  of  the 
water.  According  to  Dr  Thomson,  silica  unites  with  water  in  several 
proportions.  (First  Principles,  vol.  i.  p.  191.) 

Silica,  most  likely  from  its  insolubility,  does  not  chaoee  the  blue  veg- 
etable colours.  It  appears  to  possess  the  properties  of  an  acid  rather 
than  of  an  alkali.  Thus,  no  acid  acts  upon  silica  except  the  hydro- 
fluoric acid ;  whereas  it  is  dissolved  by  solutions  of  the  fixed  alkalies, 
ind  combines  with  many  of  the  metallic  oxides.  On  this  account 
silica  is  termed  HIieie  acid  by  some  chemists,  and  its  compounds  with 
alkaline  bases  silicates.  The  compound  earthy  minerals  that  contain 
aillca  may  be  regarded  as  native  silicates. 

The  combination  of  silica  with  the  fixed  alkalies  is  best'effected  by 
mixing  pure  sand  with  catenate  of  potassa  or  soda,  and  heating  the 
Hiixtuie  to  redness.  Durmg  the  process,  carbonic  acid  is  expelled, 
and  a  lilicate  of  the  alkali  is  generated.  The  nature  of  the  product 
depends  upon  the  proportions  which  are  employed.  On  igniting  one 
Iwrt  of  silica  with  three  of  the  carbonate  of  potassa,  a  vitreous  mass  is 
formed,  which  is  deliquescent,  and  may  be  dissolved  completely  in 
\rater.  This  solution,  which  was  formerly  called  liquor  silieum,  has 
%D  alkaline  reaction,  and  absorbs  carbonic  acid  on  exposure  to  the 
mtfflOiphere,  by  which  it  is  partially  decomposed.  Concentrated  acids 
Inreeipitate  the  silica  as  a  gelatinous  hydrate ;  but  if  a  considerable 
quantity  of  water  b  present,  and  the  acid  is  added  gradually,  the  alkali 
inay  be  perfectly  neutralized  without  any  separation  of  silica.  When 
a  solution  of  this  kind  is  evaporated  to  dryness,  the  silica  is  rendered 
quite  insoluble,  and  may  thus  be  obtained  in  a  pure  form. 

fiat  if  the  proportion  of  silica  and  alkali  is  reversed,  a  transparent 
brittle  compound  results,  which  is  insoluble  in  water,  is  attacked  by 
none  of  the  acids  excepting  the  hydrofluoric,  and  possesses  the  N<(e\\- 
'taiown  properties  of  glass.    Every  -kind  of  glass  Is  com^oae^  f^l  vClvc*^ 
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wnA  an  alkali,  and  all  ita  Tarietiea  are  owing  either  to  differencea  ia 
the  proportions  of  the  conatituenta,  to  the  nature  of  the  alkali,  or  (o 
the  presence  of  foreign  mattera.  Thus  the  green  bottle  glass  Is  nnde 
of  impure  materials,  such  as  river  sand,  which  contains  iron,  and  tlie 
most  common  kind  of  kelp  or  pearlasbes.  Crown  glass  for  windows  ii 
made  of  a  purer  alkali,  and  sand  which  is  firee  from  iron.  Plate  g^, 
for  looking-glasses,  is  composed  of  sand  and  alkali  in  their  ponit 
state ;  and  in  the  formation  of  flint  glass,  besides  these  pure  logrB* 
dients,  a  considerable  quantity  of  litharge  or  red  lead  is  employed. 
A  small  portion  of  the  peroxide  of  manganese  is  also  used»  in  order  to 
oxidixe  carbonaceous  matters  contained  in  the  materials  of  the  glaM ; 
and  nitre  is  sometimes  added  with  the  same  intention. 

Berzelius  ascertained  the  composition  of  silica  by  oxidizing  a  knowB 
quantity  of  silicium,  and- weighing  the  product  carefully;  and  acconl- 
ing  to  this  synthetic  experiment,  100  parts  of  silica  are  composed  of 
4S  parts  of  silicium  and  62  parts  of  oxygen.  The  atomic  weight  of 
silica,  deduced  apparently  with  great  care  by  Dr  Hiomson,  is  pre- 
cisely 16.  Chemists  are  not  agreed  about  the  atomic  constltutioo  of 
silica.  Berzelius  considers  it  a  compound  of  one  atom  of  sUicioffl 
and  three  atoms  of  oxygen  ;  but  the  opinion  of  Dr  Thomson,  that  it 
Is  composed  of  an  atom  of  each  element.  Is  both  more  simple  loid 
agrees  better  with  the  combining  proportion  of  siUca.  Accordio}(  to 
this  view,  and  adopting  16  as  the  equivalent  of  ailica,  8  is  of  eoone 
the  equivalent  of  silicium,  an  inference  which  accords  very  nearly 
with  the  experimental  result  of  Berzelius. 

Chloride  of  Silicium. — When  silfcium  is  heated  in  a  current  of 
chlorine  gas,  it  takes  fire,  and  is  rapidly  volatilized.  The  product  of 
the  combustion  condenses  into  a  liquid,  which  appears  to  be  naturally 
colourless,  but  to  which  an  excess  of  chlorine  communicates  a  yellow 
tint.  This  fluid  is  very  limpid  and  volatile,  and  evaporates  almost 
instantaneously  in  open  vessels  in  the  form  of  a  white  vapour.  It  has 
a  suffocating  odour  not  unlike  that  of  cyanogen,  and  when  put  into 
water  is  converted  into  muratic  acid  and  silica,  the  latter  being  easily 
obtained  in  the  gelatinous  form.  (Berzelius.) 

Sulphuret  of  Silicium. — This  compound  is  formed  by  heating 
silicium  in  the  vapour  of  sulphur,  and  the  union  is  attended  with 
the  phenomena  of  combustion.  The  product  is  a  whhe  earthy  looic* 
ing  substance,  which  is  instantly  converted  by  the  action  of  water 
into  sulphuretted  hydrogen  and  silica ;  and  while  the  former  escapes 
with  effervescence,  the  latter  is  dissolved  in  large  quantity.  In  open 
vessels,  owing  to  tho  moisture  of  the  atmosphere,  it  undeigoes  a 
similar  change ;  but  in  dry  air  it  may  be  kept  unaltered. 

Fliu>8ilicic  Add  Gas. 

This  gas  is  formed  whenever  hydrofluoric  acid  comes  in  contact 
with  siliceous  earth ;  and  this  is  the  reason  why  pure  hydrofluotle 
acid  can  be  prepared  in  metallic  vessels  only,  and  with  floor  spar  that 
is  free  from  rock  crystal.  The  most  convenient  method  of  procuring 
the  gas  is  to  mix  in  a  retort  one  part  of  pulverized  fluor  spar  with  its 
own  weight  of  sand  or  pounded  glass,  and  two  parts  of  strong 
sulphuric  acid.  Qn  applying  a  gentle  heat,  fluosilicic  acid  gas  is  dis- 
engaged with  effervescence,  and  may  be  collected  over  mercury. 

The  chemical  changes  attending  the  process  are  differently  exphhi* 

ed,  acordiog  to  the  view  wVAcXi  \a  V^eck  CAXicero^vE^the  native  of  the 

product     In  regarding  Auot  s^^^t  ^a  ^  eom^^xm^rSl  ^mv^*^  vo&.v&d. 
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||nBe«  tli«  former,  at  the  moment  of  being  set  free,  !•  thought  to  unite 
•■'**lly  with  silica ;  so  that  the  resulting  compound  consists  of  silica 
yj^  fluoric  acid.  But  for  reasons  already  stated,  (page  226)  fluor  spar 
■'bere  not  considered  as  a  fluate  Of  lime ;  and  therefore  this  Tiew 


T™"<>t  1>e  admitted.  It  is  inferred,  on  the  contrary,  that  when,  by 
^  ^c^on  of  sulphuric  acid  on  fluoride  of  calcium,  hydrofluoric  acid 
*^**'^  rated,  the  elements  of  this  acid  react  on  those  of  silica,  and 


^~^  ■^ae  to  the  production  of  water  and  fluosilicic  acid  gas.  This 
|J||fL  ^*  <9  therefore,  a  fluoride  of  silicium ;  and  though  in  compliance 
\Sr^  '^^e  usage  of  other  chemist,  I  have  retained  its  ordinary  name,  its 
'  ?^  ^o  Iw  considered  an  acid  is  questionable.  It  may  occur  to  some 
l^?^^*^«r  hydrofluoric  acid  does  not  unite  directly  with  silica ;  but 
S?  ^*^oa  is  inconsistent  with  the  proportion  in  which  the  elements  of 


^^J^^^a  compound  is  a  colourless  gas^  which  extinguishes  flame,  de- 

Q^^^y*  animals  that  are  immersed  in  it,  and  irritates  the  respiratory 

'"'^a  powerfully.    It  does  not  corrode  glass  vessels  provided  they 

l^iite  dry.     When  mixed  with  atmospheric  air,  it  forms  a  white 

owing  to  the  presence  of  watery  vapour.    Its  specific  gravity, 


5£u^' 


^Qo^^J^ing  to  Dr  Thomson,  is  3.6111 ;  and  100  cubic  inches  of  it,  at 
^^^.^•and  when  the  barometer  stands  at  30  inches,  weigh  110.13S 

.^^^^^-iiter  acts  powerfully  on  fluosilicic  acid  gas,  of  which  it  condenses, 

^^Uitding  to  Dr  John  Davy,  365  times  its  volume.  (Philos.  Trans. 

^^  1812.)    The  gas  suffers  decomposition  at  the  moment  of  contact 

V^V^  water,  depositing  part  of  its  silica  in  the  form  of  a  gelatinous 

which  when  well  washed  is  pure.    The  liquid,  which  has  a 


^-^tir  taste  and  reddens  litmus  paper,  contains  the  whole  of  the  hydros 

^^oric  acid,  together  with  two-thirds  of  the  silica  which  was  originally 

l^iesent  in  the  gas.  (Berzelius.)    By  conducting  the  fluosilicic  acid 

WH  Into  a  solution  of  ammonia,  complete  decomposition  ensues  :— 

^jdrofltioric  acid  unites  with  the  alkali,  forming  hydrofluate  of  ammo» 

^&,  and  all  the  silica  is  deposited.    On  this  fact  is  founded  the  mode 

W  analyzing  fluosilicic  acid  gas,  adopted  by  Dr  Davy  and  Dr  Thom^ 

"^Mi.    According  to  the  results  obtained  by  Thomson,  which  appear 

more  correct  than  those  of  Dr  Davy,  this  gas  is  composed  of  18.86 

parts  or  one  equivalent  of  fluorine,  and  8  parts  or  one  equivalent  of 

iilicium.     Considered  as  a  compound  of  fluoric  acid  and  silica,  it 

consists  of  10.86  parts  or  one  equivalent  of  fluoric  acid,  and  16  parts 

or  one  equivalent  of  silica. 

The  solution  which  is  formed  by  fully  saturating  water  with  fluo* 
silicic  acid  gas  is  powerfully  acid,  and  emits  fumes  on  exposure  to 
the  air.  It  is  commonly  known  by  the  name  of  silicated  fluoric 
acid;  but  a  more  appropriate  term  is  silicO'hydrofluoric  acid.  Ac- 
cording to  the  experiments  of  Berzelius,  it  appears  to  be  a  definite 
compound  of  hydrofluoric  acid  and  silica,  in  the  ratio  of  three  equi- 
valents of  the  former  to  two  of  the  latter.  If  evaporated  before 
eeparation  from  the  silica  deposited  by  the  action  of  water  on  fluo- 
eilicic  acid  gas,  this  compound  is  reproduced.  But  if  the  solution  is 
poured  off  from  the  silica  thus  deposited,  and  then  evaporated,  fluo- 
silicic acid  gas  is  at  first  evolved,  and  subsequently  hydrofluoric  acid 
and  water  are  expelled.  The  evaporation  of  silico-hydrotluoric  acid 
in  vacuo  is  attended  by  a  similar  change,  so  that  this  acid  cannot  be 
obtained  free  from  water.  It  does  not  coiTode  £U%s\  \i\i\.  Ns\kRXv. 
evaporated  in  glass  vessels,  the  production  ol  iiee  u^^io^M^iivi  ^^\^ 
of  course  gives  rise  to  corrosion. 
On  neutraUzing  silico-hydrofluorlc  acid  wU\i  ^mmom^,  tcci^  ^«iiJ^^ 
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erwponting  to  dryneis,  all  the  lilica  is  rendered  insoloUe.  Bj  exictfy 
peutraliziog  with  carbonate  of  potasta,  nearly  all  the  aiUca  and  aeU 
are  precipitated  in  the  form  of  a  sparingly  soluble  doable  hydroflntta 
of  silica  and  potassa ;  and  a  still  more  complete  precipitation  if 
effected  by  muriate  of  baryta  in  excess,  when  bydrofluate  of  liliei 
and  baryta  is  generated.  A  variety  of  similar  compounds  may  be 
obtained  either  by  double  decomposition,  or  by  the  action  of  siKco- 
hydrofluoric  acid  on  metallic  oxides.  Most  of  these  salts  are  soluble 
in  water,  those  of  potassa,  soda,  lime,  baryta,  and  yttria,  being  the  : 
only  sparingly  soluble  ones  noticed  by  nerzelius.  They  have  ii 
general  a  sour  bitter  taste,  redden  litmus  paper,  and  are  decompoeed 
at  a  high  temperature  with  disengagement  of  fiuosiiicic  acid  pi. 
These  salts  were  formerly  known  by  the  name  of  fluogUieaUi,  m 
which  silica  and  fluoric  acid  were  thought  to  act  the  part  of  a  com* 
pound  acid ;  but  Berzelius  has  shown  that  this  view  is  inaccurate, 
and  that  they  may  be  regarded  as  double  salts,  consisting  of  two 
proportionals  of  bydrofluate  of  silica,  and  one  proportional  of  a  hydro- 
fluate  of  some  other  base. 

Most  of  ilie  facts  contained  in  the  preceding  account  of  sQieo-liy* 
drofluoric  acid  are  drawn  in  part  from  an  Elssay  of  Berzelius  in  the 
Annals  of  Philosophy,  zxiv.  450,  but  chiefly  from  his  JUhrlmtk  itt 
Chemie,  i.  631. 


CLASS  II. 

METALS,  THE    OXIDES    OF    WHICH  ARE 
NEITHER  ALKALIES  NOR  EARTHS. 

ORDER  I. 

METALS  WHICH  DECOMPOSE  WATER  AT  A  RED 

HEAT, 


SECTION  XL 

MAJ\rGAJ\rESE, 

Manganese,  which  was  discovered  in  the  year  1774  by  Gahn  and 
Scbeele,  is  a  hard  brittle  metal,  of  a  grayish-white  colour,  and  grana- 
lar  texture.  Its  specific  gravity  is  6.85.  When  pure  it  is  not  attract- 
ed by  the  magnet.  It  is  exceedingly  infusible,  requiring  a  heat  of 
160°  Wedgwood  for  fusion.  It  soon  tarnishes  on  exposure  to  the  air, 
and  absorbs  oxygen  with  rapidity  when  heated  to  redness  in  open 
vessels.  It  is  said  to  decompose  water  at  common  temperatures  with 
d/sengagement  of  hydTOg;en  ^^^^  vViom^^Vi  Ihe  \irocess  is  exceedln^y 
siofv;  but  at  a  red  heat  decomi^ot\V\oTi\&\v^\^>v(M\^\^\w^j^^^Mn- 
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ganeat  it  genented.  The  decomposition  of  water  is  lilcewise  occa- 
noned  by  dilute  muriatic  or  sulpliuric  acid,  and  the  muriate  or  8ul« 
pbiile  of  the  protoxide  of  manganese  is  tlie  product. 

Maogmnese,  owing  doubtless  to  its  powerfui  affinity  for  oxygen,  has 
never  been  found  in  an  uncombined  state  in  the  eartfi ;  but  the  perox- 
ide of  manganese  occurs  abundantly.  This  metal  retains  its  oxygeo 
with  such  force  that  its  oxides  require  a  stronger  heat  for  reduction 
theo  |>otas8a  or  soda.  The  method  by  which  Gahn  succeeded  in  pro' 
caring  metallic  manganese,  was  by  exposing  the  peroxide,  surrounded 
witb  charcoal,  to  the  most  intense  heat  of  a  smith's  forge ;  and  this 
proceas  has  been  successfully  repeated  by  others.  (Berthier  in  An.  de 
Cb.  et  de  Pb.  yol.  xx.) 

Oxides  of  Manganese. 

Dififerent  opinions  have  prevailed  concerning  the  number  of  the  ox* 
ides  of  manganese ;  nor  do  chemists,  even  at  present,  seem  quite  de- 
cided upon  the  subject.  The  existence,  however,  of  four  distinct 
compounds,  containing  manganese  and  oxygen,  may  be  regarded  as 
certain.  One  of  these,  called  the  red  oxide,  is  obviously  composed  of 
two  of  the  others ;  so  that  the  number  of  the  real  oxides  of  manganese 
doea  not  exceed  three.  Their  composition  has  been  particularly  in- 
vestigated by  Dr  Thomson*,  M.  Arfwedsoof*  M.  Berthier^,  and  very 
lately  by  myself§.  I  am  satisfied  that  the  results  obtained  by  Dr 
Thomson  and  myself  are  very  near  the  truth,  and  they  agree  closely 
with  those  of  the  two  others.  Accordingly,  the  composition  of  these 
oxides  may  be  thus  stated. — 

Manganese,  Oxygen. 

Protoxide        28,  or  one  equivalent,     8,  or  one  equivalent. 
Deutoxide       28  .  .         12,  or  one  and  a  half  equivalents. 

Peroxide         28  .  .         16,  or  two  equivalents. 

PeroMe, — This  is  the  well-known  ore  commonly  called  from  its 
colour  the  Slack  oxide  of  manganese,  the  nature  of  which  was  ascer* 
tained  in  1774  by  Scheele.  It  generally  occurs  massive,  of  an  earthy 
appearance,  and  mixed  with  other  substances,  such  as  siliceous  and 
iiuminous  earths,  oxide  of  iron,  and  carbonate  of  lime.  It  is  some- 
times found,  on  the  contrary,  in  the  form  of  minute  prisms  grouped 
together,  and  radiating  from  a  common  centre.  This  oxide  may  be 
made  artificially  by  exposing  the  nitrate  of  manganese  to  a  commen- 
cbg  red  heat,  until  the  whole  of  the  nitric  acid  is  expelled ;  but  I  have 
never  succeeded  in  procuring  it  quite  pure  by  this  process,  because 
the  beat  required  to  drive  off  the  last  traces  of  acid,  likewise  expel 
some  oxygen  from  the  peroxide. 

Peroxide  of  manganese  undergoes  no  change  on  exposure  to  the 
air.  It  is  insoluble  in  water,  and  does  not  unite  either  with  acids  or 
alkalies.  When  boiled  with  sulphuric  acid,  it  yields  oxygen  gas,  and 
a  sulphate  of  the  protoxide  Is  formed.  (Page  184.)  With  muriatic 
add,  a  muriate  of  the  protoxide  is  generated,  and  chlorine  is  evolved. 


•  First  Principles,  vol.  i.  ^     ^    ^^     .  j    «u       i     • 

t  Letter  from  Berzelius  in  the  Annartes  de  Ch.  et  de  Ph.  vol.  vi. 

JPhil'os.  Trans,  of  Edinbuigh  for  1828 ;  or  PhUo»ovVivc%\'^^^\T«% 
AiioaJa  tor  July,  1828. 
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(Page  196.)  The  solution  in  both  caies  is  of  a  deep  red  colour,  pro- 
Tided  any  undissolved  oiide  is  present ;  but  if  eeparated  from  the  un- 
dissolved portions,  it  is  readily  rendered  colourless  by  heat.  The  ac- 
tion of  sulphuric  acid  in  the  cold  is  exceedingly  tardy  and  feeble,  i 
minute  quantity  of  oiygen  gas  is  slowly  disengaged,  and  the  acid  ac- 
quires an  amethyst-red  tint.  On  exposure  to  a  red  heat,  it  is  con- 
verted, with  evolution  of  oxygen  gas,  into  the  deutoxide  of  manga- 
nese. (Page  185.) 

Peroxide  of  manganese  is  employed  in  the  arts  in  the  manufacUm 
of  glass,  and  in  preparing  chlorine  for  bleaching.  In  the  Iaboratoiy,it 
is  used  for  procuring  chlorine  and  oxygen  gases,  and  in  the  preparatioa 
of  the  salts  of  manganese. 

Deutoxide, — This  oxide  occurs  nearly  pure  in  nature,  and  as  a  hy- 
drate it  is  found  abundantly,  often  in  large  prismatic  crystals,  at 
Jhlefeld  in  the  Hartz.  It  may  be  formed  artificially  by  exposing 
peroxide  of  manganese  for  a  considerable  time  to  a  moderate  red  bsat, 
and,  therefore,  is  the  chief  residue  of  the  usual  process  for  procoriqg 
a  supply  of  oxygen  gas ;  but  it  is  difficult  so  to  regulate  tiie  de- 
gree and  duration  of  the  heat,  that  the  resulting  oxide  sludl  be  quits 
pure. 

The  colour  of  the  deutoxide  of  manganese  varies  with  the  soum 
from  which  it  is  derived.  That  which  is  procured  by  means  of  iieit 
from  the  native  peroxide  or  hydrated  deutoxide,  has  a  brown  tint;  bet 
when  prepared  from  nitrate  of  manganese,  it  is  nearly  as  black  as  ths 
peroxide,  and  the  native  deutoxide  is  of  the  same  colour.  With  sul- 
phuric and  muriatic  acids,  it  gives  rise  to  the  same  phenomena  as  the 
peroxide  ;  but  of  course  yields  a  smaller  proportional  quantity  of  oiy- 
gen and  chlorine  gases.  It  is  more  easily  attacked  than  the  peroiide 
by  cold  sulphuric  acid.  With  strong  nitric  acid,  it  yields  a  soluble 
protonitrate  and  the  peroxide,  as  observed  by  Berthier ;  and  when 
boiled  with  dilute  sulphuric  acid,  it  undergoes  a  similar  change.  From 
the  proportion  of  oxygen  and  manganese  in  this  oxide,  it  may  be  re- 
garded as  a  compound  of  44  parts  or  one  equivalent  of  the  peroxide, 
and  36  parts  or  one  equivalent  of  the  protoxide  of  manganese. 

Protoxide,~^By  this  term  is  meant  that  oxide  of  n^anganese  which 
is  a  strong  salifiable  base,  is  contained  in  all  the  ordinary  salts  of  thif 
metal,  and  which  appears  to  be  its  lowest  degree  of  oxidation.  Tb\s 
oxide  may  be  formed,  as  was  shown  by  Berthier,  by  exposing  the 
peroxide,  deutoxide,  or  red  oxide  of  manganese  to  the  combined 
agency  of  charcoal  and  a  white  heat ;  and  Dr  Forcbhammer,  intbe 
Annals  of  Philosophy,  xvii.  52,  has  described  an  elegant  mode  of  pre* 
paration,  by  exposing  either  of  the  oxides  of  manganese  contained  ioi 
tube  of  glass,  porcelain,  or  iron,  to  a  current  of  hydrogen  gas  at  an  ele- 
vated temperature.  The  best  material  for  this  purpose  is  the  red  ox- 
ide prepared  from  nitrate  of  manganese ;  for  some  of  the  oxides,  espe- 
cially the  peroxide,  are  fully  reduced  to  the  state  of  protoxide  by  by* 
drogcn  with  difficulty.  The  reduction  commences  at  a  low  red  heat; 
but  to  decompose  all  the  red  oxide,  a  full  red  heat  is  required.  The 
same  compound  is  formed  by  the  action  of  hydrogen  gas  at  an  intense 
white  heat. 

Protoxide  of  manganese,  when  pure,  is  of  a  pretty  light  green 
colour,  very  near  the  mountain-green.  According  to  Forcbhammer, 
it  attracts  oxygen  rapidly  from  the  air ;  but  In  my  experiments,  it  was 
very  permanent,  undergoing  no  change  either  in  weight  or  appear- 
ance during  the  space  of  nineteen  days.  At  600°  F.  it  is  oxidized  with 
considerable  rapidity,  and  al  ?l\ow  \eCL\i«^\.U  converted  in  an  instant 
into  the  red  oxide.    Accotd'm^  lo  YQicV^vBoa^i  %^t!\  kK!«i«&ion^  it 
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takes  fire  when  thus  heated ;  but  I  have  never  observed  this  pheno* 
meDon.  It  unites  readily  with  acids  without  effervescence,  pro- 
ducing the  same  salts  as  when  the  same  acids  act  on  carbonate  of 
maoganese.  When  it  comes  in  contact  with  concentrated  sulphuric 
acid,  intense  heat  is  instantly  evolved ;  and  the  same  phenomenon  is 
produced,  though  in  a  less  degree,  by  strong  muriatic  acid.  The  re* 
suitine  salt  is  the  same  as  when  these  acids  are  heated  with  either  of 
the  otner  oxides  of  manganese.  If  quite  pure,  the  protoxide  should 
readily  and  completely  dissolve  in  cold  dilute  sulphuric  acid,  and  yield 
a  colourless  solution. 

In  order  to  prepare  a  pure  salt  of  manganese  from  the  common 
peroxide  of  commerce,  either  of  the  following  processes  should  be 
employed.  The  hnpure  deutozide  left  in  the  process  for  procuring 
mygen  gas  from  the  peroxide  by  means  of  heat,  is  mixed  with  a  sixth 
of  Its  weight  of  charcoal  in  powder,  and  exposed  tO  a  white  heat  for 
half  an  hour  in  a  covered  crucible.  The  protoxide  thus  formed  is  to 
be  dissolved  in  muriatic  acid,  the  solution  evaporated  to  dryness,  and 
the  residue  kept  for  a  quarter  of  an  hour  in  perfect  fusion  ;  being  pro- 
tected as  much  as  possible  from  the  air.  By  this  means  the  chlorides 
t>f  iron,  calcium,  and  other  metals  are  decomposed.  The  fused  chlo- 
ride of  manganese  is  then  poured  out  on  a  clean  sandstone,  dissolved 
in  water,  and  the  solution  separated  from  insoluble  matters  by  filtra- 
tion. If  free  from  iron,  it  will  give  a  white  precipitate  with  ferrocy- 
anate  of  potassa,  without  any  appearance  of  green  or  blue,  and  a 
flesh-coloured  precipitate  with  hydrosulphuret  of  ammonia.  The 
abaence  of  lime  may  be  proved,  or  traces  of  it  separated,  by  oxalate 
of  potassa.  The  manganese  is  then  thrown  down  as  a  white  car- 
bonate by  the  bicarbonate  of  potassa  or  soda  ;  and  from  this  salt,  after 
being  well  washed,  all  the  other  salts  of  manganese  may  be  prepared. 
The  other  method  of  forming  a  pure  muriate  was  suggested  by  Mr 
Faraday,  and  consists  of  heating  to  redness  a  mixture  of  peroxide  of 
manganese  with  half  its  weight  of  muriate  of  ammonia.  Owing  to 
the  volatility  of  the  sal  ammoniac,  it  is  necessary  to  apply  the  required 
heat  as  rapidly  as  possible,  and  this  is  best  done  by  projecting  the 
mixture  in  small  portions  at  a  time  into  a  crucible  kept  red-hot.  In 
this  process,  the  chlorine  of  the  muriatic  acid  unites  with  the  metal 
of  the  oxide  to  the  exclusion  of  every  other  substance,  provided  an 
eieeas  of  manganese  be  present.  The  resulting  chloride  is  then 
dissolved  in  water,  and  the  insoluble  matters  separated  by  filtration. 
(Faiaday  in  Quarterly  Journal,  vol.  vi.) 

The  salts  of  manganese  are  in  general  colourless  if  quite  pure ;  but 
more  frequently  they  have  a  shade  of  pink,  owing  to  the  presence  of 
a  little  red  oxide.  The  protoxide  is  precipitated  from  their  solutions, 
as  the  white  hydrate  by  ammonia,  or  the  pure  fixed  alkalies ;  as  the 
white  carbonate  of  mangtnese  by  alkaline  carbonates  and  bicar- 
bonates ;  as  the  white  ferrocyanate  of  manganese  by  ferrocyanate  of 
potassa,  a  character  by  which  the  absence  of  iron  may  be  demon- 
strated. These  white  precipitates,  with  the  exception  of  that  obtained 
hy  means  of  a  bicarbonate,  very  soon  become  brown  from  the  absorp- 
tion of  oxygen.  None  of  the  salts  of  manganese  which  contain  a 
strong  acid,  such  as  the  nitric,  muriatic,  or  sulphuric  acid,  are  pre- 
cipitated by  sulphuretted  hydrogen.  With  an  alkaline  hydrosulphuret, 
on  tlie  contrary,  a  flesh-coloured  precipitate  is  formed,  which  is  either 
a  hydrosulphuret  of  the  protoxide,  or  a  hydrated  protosulphuret  of 
metallic  manganese.  When  heated  in  close  vessels,  it  yields  ^  ^"ul^ 
ectonied  sulphoret^  and  wafer  is  evolved. 

Bed  Oxide, — The  mibatance  called  red  oxtde  oi  m%!i^5ftXi^%«>  ^^ 
B  b 
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oxidum  manganoso-manganicum  of  Arfwedflon,  oeeore  as  a  nattnd 
production,  and  may  be  formed  artificially  by  esEporing  the  peionde 
or  deutoxide  to  a  white  heat,  either  in  close  or  open  vessels.  It  is 
also  produced  by  absorption  of  oxygen  from  the  atmosphere,  whea 
the  protoxide  is  precipitated  from  its  salts  by  pure  alkalies,  or  when  (he 
anhydrous  protoxide  or  carbonate  is  heated  to  redness.  It  k  imj 
permanent  in  the  air,  not  passing  to  a  higher  stage  of  oxidation  at  toy 
temperature.  Its  colour  when  rubbed  to  the  same  degree  of  fineiiefli 
Is  brownish-red  when  cold,  and  nearly  black  while  warm.  Fated 
with  borax  or  glass,  it  communicates  a  beautiful  violet  tint,  a  chaiacter 
by  which  manganese  may  be  easily  detected  before  the  blowpipe; 
and  it  is  the  cause  of  the  rich  colour  of  the  amethyst.  It  is  acted  OQ 
by  strong  sulphuric  and  muriatic  acids,  with  the  aid  of  heat,  in  Ae 
same  manner  as  the  peroxide  and  deutoxide,  but  of  course  yieUi 
proportionally  a  smaller  quantity  of  oxygen  and  chlorine  gases.  Bf 
cold  concentrated  sulphuric  acid,  it  is  dissolved  in  small  quantltyi 
without  appreciable  disengagement  of  oxygen  gas,  and  the  solotioB 
is  promoted  by  a  slight  increase  of  temperature.  The  liquid  has  n 
amethyst  tint,  which  disappears  when  heat  is  applied,  or  by  the  adicn 
of  deoxidizing  substances,  such  as  protomuriate  of  tin,  or  nitrooif 
sulphurous,  and  phosphorous  acids,  protosulphate  of  manganese  belli; 
generated.    The  pink  colour  which  the  salts  of  manganese  genenDy 

Sossess,  is  owing  to  the  presence  of  a  small  quanti^  of  red  ozkii. 
iy  strong  nitric  acid,  or  when  boiled  with  dilute  sulphuric  add,  it 
undergoes  the  same  kind  of  change  as  the  deutoxide. 

The  red  oxide  of  manganese  contains  more  oxygen  than  the  pro- 
toxide and  less  than  the  deutoxide.  Its  elements  are  in  such  projior'' 
tion,  that  it  may  be  regarded  as  a  compound  either  of 

Deutoxide    80  or  two  equiv.  )       C  Peroxide  44  or  one  equilr. 
Protoxide     36  or  one  equiv.  i      {  Protoxide  72  or  two  equiv. 
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It  contains  27.586  per  cent  of  oxygen,  and  loses  6.896  per  cent  of 
oxygen,  when  converted  into  the  green  oxide. 

It  has  been  inferred  from  some  experiments  of  Berzelius  and  JohOi 
that  there  are  two  other  oxides  of  manganese,  which  contain  less 
oxygen  than  the  green  or  protoxide.  We  have  no  proof,  however, 
of  tne  existence  of  such  compounds. 

Manganese  is  one  of  those  metals  which  is  capable  of  forming  in 
acid  with  oxygen.  When  the  peroxide  of  manganese  is  mixed  with 
an  equal  weight  of  nitre  or  carbonate  of  potassa,  and  the  mixture  is 
exposed  to  a  red  heat,  a  green- coloured  fused  mass  is  formed^  which 
has  been  long  known  under  the  name  of  mineral  chameleon,  Oo 
putting  this  substance  into  water,  a  gre6h  solution  is  obtain^,  the 
colour  of  which  soon  passes  into  blue,  purple,  and  red ;  and  ultimately^ 
a  brown  flocculcnt  matter,  the  red  oxide  of  manganese,  subsides,  aiM 
the  liquid  becomes  colourless.  These  changes  take  place  more  rapidly 
by  dilution,  or  by  employing  hot  water.  We  are  indebted  to  BfM< 
Chevillot  and  Edwards  for  a  consistent  explanation  of  these  pheno- 
mena*. They  demonstrated  that  the  peroxide  of  manganese,  when 
fused  with  potassa,  absorbs  oxygen  from  the  atmosphere,  and  is  therel^ 
converted  into  an  acid,  the  manganesiCt  which  unites  with  the  alkali< 
They  attributed  the  different  changes  of  colour  above  mentioMKi  to 


*  An.  de  CYi.  el  Oiel^Yk,  n<A.  ^Wv. 
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Ihe  comhiiiatioD  of  this  acid  with  difiereDt  proportions  of  potassa.  By 
eTapontlog  the  red  solution  rapidly,  they  succeeded  in  obtaining  a 
maosaDesiate  of  potassa  in  the  form  of  small  prismatic  crystals  of  a 
pojpTe  colour.  This  salt  yields  oxygen  to  combustible  substances 
witii  great  facility,  and  detonates  powerfully  with  phosphorus.  It  is 
decomposed  when  in  solution  by  very  slight  causes,  being  converted 
into  the  red  oside  of  manganese. 

"  The  -flubsequeBt  researches  of  Dr  Forchhammer  render  it  probable 
that  the  green  and  red  colours  are  produced  by  two  distinct  acids,  the 
manganeseaua  and  manganesic,  the  former  giving  rise  to  the  green, 
and  the  latter  to  the  red  tint.  He  succeeded  in  forming  a  solution  of 
manganesic  acid  in  the  following  manner,  A  mixture  oFthe  nitrate  of 
baryta  was  heated  with  peroxide  of  manganese,  by  which  means  the 
manganesite  of  l>aryta  was  generated ;  and  to  this  salt,  after  having 
been  well  washed  with  water,  a  quantity  of  dilute  sulphuric  acid  was 
added*  precisely  sufficient  for  combining  with  its  base.  The  manga- 
Deseous  acid,  at  the  moment  of  being  set  free,  resolved  itself  into  the 
deutozide  of  manganese  and  manganesic  acid,  and  the  latter,  dissolving 
in  the  water,  formed  a  beautiful  red  solution.  Dr  Forchhammer  infers 
from  his  analysis  of  these  compounds,  that  the  manganeseous  acid 
contains  three  and  the  manganesic  four  atoms  of  oxygen  united  with 
•one  atom  of  manganese.  (Annals  of  Philosophy,  vol.  zvi.) 

CRUoride  of  Manganese, — This  compound  is  best  prepared  by  eva- 
porating a  solution  of  muriate  of  manganese  to  dryness  by  a  gentle 
oeat,  and  heating  the  residue  to  redness  in  a  ^lass  tube,  while  a  cur- 
rent of  muriatic  acid  gas  is  transmitted  through  it.  The  heat  of  a  spirit 
lamp  is  sufficient  for  the  purpose.  It  fuses  readily  at  a  red  heat,  and 
Ibrnii  a  pink-coloured  lamellated  mass  on  cooling.  It  is  deliquescent, 
and  of  course  very  soluble  in  water,  being  converted  by  that  fluid,  with 
evolution  of  caloric,  into  muriate  of  manganese.  It  is  composed  of 
28  parts  or  one  equivalent  of  manganese,  and  36  parts  or  one  equiva- 
lent of  chlorine. 

A  new  chloride  of  manganese,  remarkable  for  its  volatility,  has  lately 
been  described  by  M.  Dumas.  (Edinburgh  Journal  of  Science,  No.  xv. 
1T9.)  It  is  readily  formed  by  putting  a  solution  of  manganesic  into 
Strang  iulpharic  acid,  and  then  adding  fused  sea-salt.  The  muriatic 
and  manganesic  acids  mutually  decompose  each  other;  water  and  per- 
diioiide  of  manganese  are  generated,  and  the  latter  escapes  in  the  form 
of  vapour.  The  best  mode  of  preparation  is  to  form  the  common  green 
mineral  chameleon,  and  convert  it  into  red  by  means  of  sulphuric  acid. 
The  idution,  when  evaporated,  leaves  a  residue  of  sulphate  and  man- 
ganetiate  of  potassa.  This  mixture,  treated  by  strong  sulphuric  acid, 
yields  a  solution  of  manganesic  acid,  into  which  are  added  small  frag- 
aenta  of  sea-salt,  as  long  as  coloured  vapour  continues  to  be  evolved. 

Ilie  new  chloride,  when  first  formed,  appears  as  a  vapour  of  a  cop- 
per or  greenish  colour;  but  on  traversing  a  glass  tube  cooled  to  5^ 
or  —-4^  F,  it  is  condensed  into  a  greenish-orown  coloured  liquid. 
Wlien  generated  in  a  capacious  tube,  its  vapour  gradually  displaces 
tlw  air,  and  soon  fills  the  tube.  If  it  is  then  poured  into  a  large  flask, 
the  aides  of  which  are  moist,  the  colour  of  the  vapour  changes  in- 
stantly on  coming  into  contact  with  the  moisture,  a  dense  smoke  of  a 
pntty  rose  tint  appears,  and  muriatic  and  manganesic  acids  are  gene- 
laled.  From  this  it  is  manifest,  that  the  new  chloride  is  proportional 
to  manganesic  add;  that  is,  when  its  chlorine  unites  with  hydrogen, 
the  oxygen  required  to  constitute  water  with  that  hydrogen  exactly 
suffices  for  forming  manganesic  acid  with  the  man^aiie«e.    \\.\&\i^^<c^ 
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supposed  to  coDsist  of  28  parts  or  one  equivalent  of  maDganese,  ud 
144  parts  or  four  equivalents  of  chlorine. 

Fluoride  of  Manganese, — A  gaseous  compound  of  fluorine  and 
manganese  has  been  lately  discovered  by  M.  Dumas  and  Dr  Wolrier. 
(Edinburgh  Journal  of  Science,  No.  zviii.)  It  Is  best  formed  by  mb* 
ing  common  mineral  chameleon  with  half  its  weight  of  fluor  spar,  nd 
decoiuposing  the  mixture  in  a  platinum  vessel  by  fuming  sulptraiie 
aciil.  The  fluoride  is  then  disengaged  in  the  form  of  a  greeniA-yelloir 
gas  or  vapour,  of  a  more  intensely  yellow  tint  than  chlorine.  Whca 
mixed  with  atmospheric  air,  it  instantly  acquires  a  beautiful  pmple-nd 
colour ;  and  is  freely  absorbed  by  water,  yielding  a  solution  of  the  saae 
red  tint.  It  acts  instantly  on  glass,  with  formation  of  fluosificic  add 
ga!i,  a  brown  matter  being  at  the  same  time  deposited,  which  beecHiKi 
of  a  deep  purple-red  tint  on  the  addition  of  water. 

From  the  experiments  of  Dr  Wohler,  this  yellow  gas  may  be  iDfe^ 
red  to  be  a  fluoride  of  manganese ;  that  when  mixed  with  water  boA 
compounds  are  decomposed,  and  hydrofluoric  and  manganenc  addi 
generated,  which  are  dissolved;  that  a  similar  formation  of  the  two 
acids  ensues  from  the  admixture  of  the  yellow  gas  with  atmospheric 
air,  owing  to  the  moisture  contained  in  the  latter;  and  that  by  con- 
tact with  glass,  fluo-silicic  acid  gas  is  produced,  and  anhydrous  msD' 
ganeslc  acid  deposited.  In  consequence  of  its  acting  so  powerfoUy  oa 
glass,  its  other  properties  have  not  been  ascertained ;  but  from  those 
above  mentioned,  its  composition  is  obviously  similar  to  that  of  the 
gaseous  chloiidc  of  manganese.  It  hence  consists  of  one  equivalent 
of  manganese,  and  four  equivalents  of  fluorine. 

The  protosulphuret  of  manganese  may  be  procured  by  ignitfaig  the 
sulphate  with  one-sixth  of  its  weight  of  charcoal  in  powder.  (Berthier.) 
It  is  also  formed  by  the  action  of  sulphuretted  hydrogen  on  the  pro- 
tosulphate  at  a  red  heat.  (Arfwedson  in  An.  of  Phil.  vol.  vii.  N.  S.) 
It  occurs  native  in  Cornwall  and  at  Nagyag  in  Transylvania.  It  dis* 
solves  completely  in  dilute  sulphuric  or  muriatic  acid,  with  disengaga" 
ment  of  very  pure  sulphuretted  hydrogen  gas. 


SECTION  XII. 
iROJsr, 

Iron  has  a  peculiar  gray  colour,  and  strong  metallic  lustre,  which  ii 
susceptible  of  being  heightened  by  polishing.  In  ductility  and  anl- 
leability,  it  is  inferior  to  several  metals,  but  exceeds  them  all  in  teaa- 
city.  (Page  266.)  At  common  temperatures,  it  is  very  hard  and 
unyielding,  and  its  hardness  may  be  increased  by  being  heated  aad 
then  suddenly  cooled;  but  it  is  at  the  same  time  rendered  brittle. 
When  heated  to  redness,  it  is  remarkably  soft  and  pliable,  so  that  H 
may  be  beaten  into  any  foim,  or  be  intimately  incorporated  or  welded 
with  another  piece  of  red-hot  iron  by  hammering.  Its  texture  ii 
fibrous,  and  its  specific  gravity  7.78.  In  its  pure  state,  it  is  exceed* 
ingly  infusible,  requiring  for  fusion  a  temperature  of  158°  of  Wedg^ 
wood's  pyrometer.  It  is  attracted  by  the  magnet,  and  may  itself  be 
rendered  permanently  magnetic  by  several  processes ; — a  property  of 

great  interest  and  impovtance,  9iuCi  ^\\\^Vi  \«  possessed  by  no  other 

metal  e^^cepting  cobalt  and  nickeX. 
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The  occurrence  of  pure  native  iron  19  Tery  rare,  and  most  of  the 
specimens  said  to  be  such,  have  not  been  well  attested.  It  has  been 
found  filling  a  vein  in  a  mass  of  mica  slate  by  Major  Burrall  on  Canaan 
Mountain,  Connecticut,  in  North  America.  (Edin.  Philos.  Journal  for 
October  1827,  p.  164.)  The  iron  of  meteoric  origin  is  impure  ;  for  all 
the  masses  hitherto  examined  contain  nickel  and  cobalt.  (Stromeyer.) 
Metallic  iron  is  easily  procured  by  beating  the  native  oxide  with  chai-^ 
coal ;  but  when  thus  obtained,  it  is  never  quite  free  from  carbonaceous 
matter.  The  only  method  of  preparing  iron  absolutely  pure,  is  by 
passine  dry  hydrogen  gas  over  the  pure  oxide,  heated  to  redness  in  a 
tube  of  porcelain. 

Iron  has  a  strong  affinity  for  oxygen.  In  a  perfectly  dry  atmosphere, 
it  undergoes  hardly  any  change  ;  but  when  moisture  is  likewise  pre-- 
sent,  it  oxidizes  or  ru$ts  in  the  course  of  a  few  days.  Heated  to  red- 
ness in  the  open  air,  it  absorbs  oxygen  rapidly,  and  is  converted  into 
Uadc  scales,  called  the  black  oxide  of  iron ;  and  in  an  atmosphere  of 
oxygen  fns,  it  burns  with  vivid  scintillations.  It  decomposes  the 
vapour  of  water,  by  uniting  with  its  oxygen,  at  all  temperatures,  from 
a  dull  red  to  a  white  heat;  a  singular  fact  when  it  is  considered,  that 
it  the  very  same  temperature,  the  oxides  of  iron  are  reduced  to  the 
metallic  state  by  hydrogen  gas.  (Gay-Lussac  in  An.  de  Ch.  et  de 
j^ysiquCy  i.  36.) 

Oaddea  of  Iron. 

Iron  combines  with  oxygen  |n  two  proportions  only,  forming  the 
Uu^  or  protoxide,  and'  the  red  or  peroxide  of  iron.  Both  these  com- 
pounds are  capable  of  yielding  regular  crystallizable  salts  with  acids. 

Protoxide, — This  oxide  is  the  base  of  the  native  carbonate  of  iron, 
and  of  the  green  vitriol  of  commerce.  Its  existence  was  inferred  some 
years  ago  by  Gay-Lussac,  (An.  de  Ch.  Vol.  Ixxx ;)  but  Stromeyer  first 
obtained  it  in  an  insulated  form  by  transmitting  dry  hydrogen  gas  over 
the  peroxide  of  iron  at  a  very  low  temperature.  (Edinburgh  Journal 
of  Science,  No.  X.) 

The  protoxide  of  iron  has  a  dark  blue  colour,  and  when  melted  with 
vitreous  substances  communicates  to  them  a  tint  of  blue.  It  is  attract- 
ed by  the  magnet,  though  less  powerfully  than  metallic  iron.  It  is  ex- 
ceedingly combustible ;  for  when  fully  exposed  to  air  at  common  tem- 
peratures, it  suddenly  takes  fire  and  burns  vividly,  being  reconverted 
into  the  peroxide.  Its  .salts,  particularly  when  in  solution,  absorb 
oxygen  from  the  atmosphere  with  such  rapidity,  that  they  may  even 
be  employed  in  eudiometry.  This  protoxide  is  always  formed  with 
evolution  of  hydrogen  gas,  when  metallic  iron  is  put  into  dilute  sul- 
phuric Off  muriatic  acid ;  and  its  composition  may  be  determined  by 
collecting  and  measuring  the  gas  which  is  disengaged.  Accordiog.to 
Gay-Lussac,  it  is  composed  of  8  parts  of  oxygen,  and  28.3  parts  of 
iron ;  but  Dr  Thomson  infers  from  an  analysis  of  the  protosulphate  of 
iraUt  that  the  quantity  of  iron  united  with  8  parts  of  oxygen  is  28  pre- 
daely.    The  atomic  weight  of  the  protoxide  is  therefore  36. 

Tlie  protoxide  of  iron  is  precipitated  as  a  white  hydrate  by  pure 
alkaUes,  as  a  white  carbonate  by  alkaline  carbonates,  and  as  a  white 
lenocyanate  by  ferrocyanate  of  potassa.  The  two  former  precipitates 
beeome  first  green  and  then  red,  and  the  latter,  green  and  blue  by  ex- 
posoie  io  the  air.  The  solution  of  gall-nuts  produces  no  change  of 
eolour.  Sulphuretted  hydrogen  does  not  act,  if  the  protoxide  is  uni« 
ted  with  anv  of  the  stronger  acids;  but  the  alkaWue  Vi^^iQ«vi\^\x\^V^ 

a  YABck pnd^Uto,  the  protosulphuret  of  Vion. 
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Peroxide, — ^The  red  or  peroxide  it  t  natuiml  product,  knowD  to  mi* 
oeralogists  under  the  name  of  red  hematite.  It  loinetiiiiee  ocau 
metsive,  at  otlier  tiroes  fibrous,  and  occasionally  in  the  form  of  beauti- 
ful rfaomboidal  crystals.  It  may  be  made  chemieally  by  diMohriii| 
iron  in  nitro-muriatic  acid,  and  adding  an  alkali.  The  hydrata  of  thi 
red  oxide  of  a  brownish- red  colour  subsides,  which  Is  identical  in  eooh 
position  with  the  mineral  called  broum  hematite,  and  cooaists  of  40 
parts  or  ono  equivalent  of  the  peroxide^  and  9  parts  or  one  equinJeat 
of  water. 

The  peroxide  of  iron  is  not  attracted  by  the  magnet.  Foied  wiA 
vitreous  substances,  it  communicates  to  them  a  red  or  yellow  colour. 
It  combines  with  most  of  the  acids,  forming  salts,  the  upreater  nnmba 
of  wliich  are  red.  Its  presence  may  be  detected  hy  very  deeishe 
tests.  The  pure  alkalies,  fixed  or  volatile,  precipitate  itasthefaj^ 
drate.  The  alkaline  carbonates  hav^e  a  similar  effect,  for  the  peroxide  of 
iron  does  not  form  a  permanent  salt  with  carbonic  add.  With  lent* 
cyanate  of  potassa,  it  forms  Prussian  blue,  the  ferrocyanate  of  the  p» 
oxide  of  iron.  The  sulphocyanate  of  potasta  causes  a  deep  blood-iti, 
and  infusion  of  galUnuts,  a  black  colour.  Sulphuretted  bydiogea 
converts  the  peroxide  into  the  protoxide  of  iron,  and  deposition  sf 
sulphur  takes  place  at  the  same  time.  These  reagents,  and  especially 
the  ferrocyanate  and  sulphocyanate  of  potassa,  anord  an  uneiiing  tirt 
of  the  presence  of  minute  quantities  of  the  peroxide  of  iron.  On  diis 
account  it  is  customary,  in  testing  for  iron,  to  convert  it  into  the  psN 
oxide,  which  is  easily  effected  by  boiling  the  solution  with  a  smill 
quantity  of  nitric  acid. 

The  researches  of  several  chemists,  such  as  Gay-Lussac,  BerzelinSi 
Buciiolz,  and  Thomson,  leave  no  doubt  that  the  oxygen  contained  io 
the  blue  and  red  oxides  of  iron  is  in  the  ratio  of  one  to  one  and  a  half. 
Consequently,  the  peroxide  consists  of  2S  parts  or  one  equivalent  of 
iron,  &nd  12  parts  or  an  equivalent  and  a  half  of  oxygen. 

Black  Oxide. — This  substance,  long  supposed  to  be  the  protoxide 
of  iron,  contains  more  oxygen  than  the  blue,  and  less  than  Uit  led 
oxide.  It  cannot  bo  regarded  as  a  definite  compound  of  iron  andoxy* 
gen  ;  but  is  composed  of  the  two  real  oxides,  united  in  a  proportioD 
which  is  by  no  means  constant.  It  occurs  native,  frequently  ciystallil- 
cd  in  the  form  of  a  regular  octahedron,  which  is  not  only  attracted  by 
the  magnet,  but  is  itself  sometimes  magnetic.  It  is  always  foisied 
when  iron  is  heated  to  redness  in  the  open  air ;  and  is  likewise  genenl> 
cd  by  the  contact  of  watery  vapour  wiUi  iron  at  elevated  temperaturei. 
The  composition  of  the  product,  however,  varies  with  the  duration  of 
the  process  and  the  temperature  which  is  employed.  Thus,  accOrdisc 
to  Bucholz,  Berzclius,  and  Thomson,  100  parts  of  iron,  when  oxidixea 
by  steam,  unite  with  nearly  30  of  oxygen;  whereas  in  a  simihir  ex- 
periment performed  by  Gay-Lussac,  37.8  parts  of  oxygen  were  ib» 
sorbed.  The  oxide  of  Gay-Lussac  may  be  regarded  as  a  cofflpouad 
of  one  equivalent  of  the  protoxide  and  two  equivalents  of  the  peroxide; 
and  Berzclius  is  of  opinion  that  the  composition  of  magnetic  iron  ore 
is  similar.  M.  Mosander  states,  that  on  heating  a  bar  of  iron  in  the  open 
air,  the  outer  layer  of  the  scales  contains  a  greater  quantity  of  peroxide 
than  the  inner  layer.  The  former  consists  of  one  equivalent  of  pe^ 
oxide  to  two  of  the  protoxide,  an  in  the  latter  are  contained  one  tqiii* 
valent  of  peroxide  to  three  equivalents  of  protoxide.  The  inner  Iqftc 
seems  uniform  ui  composition  ;  but  the  outer  is  variable^  its  more  ts^ 
posed  parts  being  richer  in  oxygen. 

The  nature  of  the  black  oxVde  \a  IwtlViex  elucidated  by  the  tctioo  of 
acids.    On  digesting  the  VAacVc  oxJiCkfi  Sxl  iv£L\^\iMXifi    * "  ' — 
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ed  toladon  is  fomed,  containing  two  salts,  sulphate  of  the  peroxide 
and  protoxide,  which  may  be  separated  from  each  other  by  means  of 
aJoohol  (Proust  and  Gay-Lusaac.)  These  mixed  salts  give  green  pre- 
cipitates with  alinJies,  and  a  very  deep  blue  \vk  with  an  infusion  of  gall- 
naCs.  The  blaclc  oxide  of  iron  is  the  cause  of  the  dull  green  colour  of 
bottle  glass. 

Chloridei  of  Iron, — Chlorine  unites  in  two  proportions  with  iron, 
fi>nning  compounds  which  were  described  in  1812  by  Dr  John  Davy. 
The  protochloride  is  made  by  evaporating  a  solution  of  Ihe  proto- 
muriate  to  dryness,  and  heating  it  to  redness  in  a  glass  tube  from 
which  the  air  is  excluded.  The  resulting  chloride  has  a  gray  colour, 
a  lamellated  texture,  and  metallic  lustre.  It  is  composed  of  one  pro- 
portional q{  each  element,  and  is  converted  by  water  into  the  proto- 
muriate  of  iron. 

The  perchloride  is  formed  by  burning  iron  wire  in  an  atmosphere  of 
chlorine.  It  is  of  a  bright  yellowish-brown  colour,  crystallizes  in  small 
Iridescent  plates,  and  is  volatile  at  a  temperature  a  little  above  212°  F. 
It  consists  of  one  equivalent  of  iron  and  an  equivalent  and  a  half  of 
chlorine,  and  foims  with  water  a  red-coloured  solution,  which  is  the 
permuriato  of  iron. 

An  iodide  of  iron  may  be  formed  by  heating  iron  in  the  vapour  of 
iodine.     It  is  converted  by  water  into  the  hydriodate. 

Sulphurets  of  Iron, — There  are  two  compounds  of  iron  and  sulphur, 
both  of  which  are  natural  products.  The  protosulphuret  is  the  mag- 
netic iron  pyrites  of  mineralogists.  It  is  a  brittle  yellow  substance,  of 
a  metallic  lustre,  and  is  feeblv  attracted  by  the  magnet.  By  exposure 
to  air  and  moisture,  it  is  gradually  converted  into  the  protosulphate  of 
iron.  It  may  be  made  artiiicially  by  igniting  the  protosulphate  of  iron 
with  charcoal;  or  still  more  conveniently  by  heating  a  mixture  of  iron 
filinn  and  sulphur.  (Page  244.)  It  is  dissolved  completely  and  rea- 
dily ny  dilute  sulphuric  or  muriatic  acid,  with  disengagement  of  sul- 
phuretted hydrogen.  It  is  composed  of  28  parts  or  one  equivalent  of 
iron,  and  16  parts  or  one  equivalent  of  sulphur. 

The  bisulphuret,  which  contains  two  equivalents  of  sulphur,  is  the 
common  iron  pyrites.  When  heated  to  redness,  it  loses  half  its  sul- 
phur, and  is  converted  into  the  protosulphuret.  It  is  insoluble  in  sul- 
phuric and  muriatic  acid. 

Pho$phuret  of  Iron, — This  compound  may  be  formed  by  heating  the 
phosphate  of  iron  with  charcoal.  It  is  sometimes  contained  in  metallic 
iron,  to  the  properties  of  which  it  is  exceedingly  injurious,  by  causing 
it  to  be  brittle  at  common  temperatures. 

Carburets  of  Iron, — Carbon  and  iron  unite  in  very  various  propor- 
tions ;  but  there  are  four  compounds  which  are  distinct  from  one  an- 
other,  namely,  cast  or  pig  iron,  steel,  cast  steel,  and  graphite  or  plum- 
bigo. 

The  native  oxides  of  iron,  which  commonly  contain  argilaceous  and 
siliceous  substances,  are  reduced  to  the  metallic  state  by  the  action 
of  coke  or  charcoal  and  lime  at  a  high  temperature.  The  oxygen  of 
(he  oxide  of  iron  unites  with  one  portion  of  carbon,  and  the  metal  with 
another,  yielding  carbonic  acid  and  carburet  of  iron ;  while  the  earthy 
substances  togeUier  with  a  little  oxide  of  iron  enter  into  combination, 
forming  a  vitreous  substance  called  slag,  which  rises  to  the  surface. 
TIm  fused  carburet  is  then  drawn  ofT  by  an  aperture  at  the  bottom  of 
the  luniace,  and  received  in  hollows  or  moulds  made  .with  sand.  In 
this  state,  it  is  neither  ductile  nor  malleable,  but  very  brittle ;  and  fuae^ 
with  such  iacillty  at  a  red  heat  that  H  cannot  be  we\ded.  iVVsYCx^^ 
oystalJioe,  Mad  its  texture  is  granular.  It  contains  aboMlV^^  tA  \V& 
we^bt  of  cMrboa,  together  with  small  quantities  ol  iauk^vcL<&&e«  ^^* 
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cium,  siliciam,  and  probably  aluminium ;  and  betides  theae  sabstances, 
which  aie  chemically  combined  with  the  iron,  particles  of  charcoal, 
earthy  matters,  and  unreduced  ore,  are  frequently  inclosed  witlun  it 

Cast  iron  is  converted  into  malleable  iron  by  exposure,  in  a  re?er- 
beratory  furnace,  to  the  combined  action  of  air  and  intense  hett 
During  this  process  all  the  undecomposed  ore  is  reduced,  earthy  mat- 
ters rise  to  the  surface  as  slag,  and  the  carbon  is  oxidized.  As  tbe 
purity  of  the  iron  increases,  its  fusibility  diminishes,  until  at  length, 
though  the  temperature  remains  the  same,  the  iron  becomes  solid.  It 
is  then  subjected,  while  still  hot,  to  the  operation  of  rolling  or  ham- 
mering, by  which  its  particles  are  approximated.  The  metal,  tin 
Procured,  is  no  longer  a  carburet,  but  is  the  purest  iron  of  commeicti 
t  is  not,  however,  absolutely  pure ;  for  Betzelius  has  detected  ia  it 
about  one-half  per  cent  of  carbon,  and  it  likewise  appears  to  contiii 
silicium. 

Steel  is  made  by  exposing  bars  of  the  purest  malleable  iron,  iv- 
rounded  with  charcoal  in  powder,  to  a  long-continued  red  heat  ]>ii- 
rl0£  this  process,  the  iron  unites  with  about  l-160th  of  Its  weiglitof 
carbon,  and  acquires  new  properties.  In  ductility  and  malleabloiy,  it 
is  far  inferior  to  iron ;  but  exceeds  it  greatly  in  hardness,  sonoroosneif, 
and  elasticity.  Its  texture  is  mere  compact  than  that  of  iron,  and  it  ii 
susceptible  of  a  far  higher  polish.  It  bears  a  strong  red  heat  witbout 
entering  into  fusion,  and  may  be  welded  with  iron.  When  coml)&Kd 
with  an  additional  quantity  of  carbon,  it  forms  cast  steel.  In  (fail 
state,  it  is  harder  and  more  elastic,  has  a  closer  texture,  and  receives 
a  higher  polish  than  common  steel.  It  is  so  fusible,  however,  that  it 
cannot  be  welded. 

Steel  dififers  chemically  from  cast  iron  in  being  composed  of  purer 
iron,  and  in  containing  a  smaller  proportion  of  carbon.  It  is  readily 
distinguished  from  malleable  iron  by  the  action  of  an  acid.  When  a 
drop  of  dilute  muriatic  acid  is  placed  on  steel,  a  black  spot  appears,  in 
consequence  of  a  portion  of  iron  being  dissolved,  while  the  charcoal 
is  left. 

Graphite,  more  commonly  known  under  the  name  of  plumbago  or 
black  lead,  is  a  native  carburet  of  iron,  which  contains  d5  per  cent  of 
carbon.  It  is  unchangeable  in  the  air,  and  like  pure  charcoal  is  at- 
tacked with  diflficulty  by  chemical  substances.  It  has  an  iron-gny 
colour,  metallic  lustre,  and  granular  texture.  Its  chief  use  is  in  maiuog 
pencils  and  crucibles,  and  in  burnishing  iron  to  protect  it  from  rust. 


SECTION  XIII. 

ZmC'-CABMIUM, 

Zinc, 


The  zmc  of  commerce,  sometimes  called  speUer,  is  obtained  either 
from  catomtnc  the  native  carbonate  of  zinc,  or  from  the  native  solpliii- 
htVJl*;  '^^S  ^^^?^^  °^  mineralogists.  It  is  procured  from  the  foSer 
Dy  heat  and  carbonaceous  matters;  and  from  the  latter  by  a  simav 
process  after  the  ore  Vias  been  v^e^vously  oxidized  by  rocitkut,  that 
^  by  ej^osure  to  the  ah  ^l  a.  lo>w  i^ii\ii^v.  WL^^te4 
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from  its  ores,  it  is  never  quite  pure ;  but  contains  charcoal,  sulphur,  and 
several  metals  in  small  quantity.  It  may  be  freed  from  these  impuri* 
ties  by  distillation, — by  exposing  it  to  a  white  heat  in  an  earthem  re* 
tort,  to  which  a  receiver  full  of  water  is  adapted. 

Zinc  has  a  strong  metallic  lustre,  and  a  bluish-white  colour.  Its 
texture  is  lamellated,  and  its  density  about  7.  It  is  a  hard  metal,  be- 
ing acted  on  by  the  file  with  difficulty.  At  low  or  high  degrees  of 
heat  it  is  brittle;  but  at  temperatures  between  210°  and  300°  F,  it  is 
both  malleable  and  ductile^  a  property  which  enables  zinc  to  be  rolled 
or  hammered  into  sheets  of  considerable  thinness.  It  fuses  at  680°  F, 
and  when  slowly  cooled  assumes  regular  forms.  Exposed  in  close 
vessels  to  a  white  beat,  it  sublimes  unchanged. 

Zinc  undergoes  little  change  by  the  action  of  air  and  moisture. 
When  fused  in  open  vessels,  it  absorbs  oxygen,  and  forms  the  white 
oxide,  called  flowers  of  zinc.  Heated  to  lull  redness  in  a  covered 
crucible,  it  bursts  into  flame  as  soon  as  the  cover  is  removed,  and 
bums  with  a  brilliant  wliite  light.  The  combuslion  ensues  with  such 
violence,  that  the  oxide,  as  it  is  formed  is  mechanically  carried  up  into 
the  air.  Zinc  is  readily  oxidized  by  dilute  sulphuric  or  muriatic  acid, 
and  the  hydrogen  which  is  evolved  contains  a  small  quantity  of  me- 
tallic zinc  in  combination. 

Oxide  qf  Zinc. — Chemists  are  acquainted  with  one  compound 
only  of  zinc  and  oxygen,  and  this  oxide  is  formed  under  all  the  cir- 
cumstances just  mentioned.  At  common  temperatures  it  is  white ; 
but  when  heated  to  low  redness,  it  assumes  a  yellow  colour,  which 
Gradually  disappears  on  cooling.  It  is  quite  fixed  in  the  fire.  It  is 
insoluble  in  water,  and  therefore  does  not  affect  the  blue  colour  of 
phnts ;  but  it  Is  a  strong  salifiable  base,  forming  regular  salts  with 
acids,  most  of  which  are  colourless.  It  combines  also  with  some  of 
the  alkalies.  According  to  the  analysis  of  Dr  Thomson,  it  is  com- 
posed of 

Zinc  .  84  .  .  one  equivalent. 

Oxygen    .  8    .      .  .  one  equivalent. 

And  hence  42  is  its  combining  proportion. 

The  presence  of  zinc  is  easily  recognised  by  the  following  charac- 
ten. — ^The  oxide  is  precipitated  from  its  solutions  as  a  white  hydrate 

Sr  pure  potassa  or  ammonia,  and  as  carbonate  by  carbonate  of  ammo- 
a,  but  is  completely  redissolved  by  an  excess  of  the  precipitant. 
The  fixed  alkaline  carbonates  precipitate  it  permanently  as  white  car- 
bonate of  zinc.  Hydrosulphuret  of  ammonia  causes  a  white  precipi- 
tale,  which  is  either  a  hydrosulphuret  of  the  oxide  of  zinc,  or  a  hy- 
dratcd  sulphuret  of  the  metal.  Sulphuretted  hydrogen  acts  in  a  simi- 
lar manner,  if  the  solution  is  quite  neutral ;  but  it  has  no  eflect  if  an 
excess  of  any  strong  acid  is  present. 

The  Chloride  or  Butter  of  Zinc  was  made  by  Dr  J.  Davy  by  eva- 
porating the  muriate  to  dryness,  and  then  heating  it  to  redness  in  a 
glass  tube.  It  deliquesces  on  exposure  to  the  air,  being  reconverted 
into  a  muriate.  It  is  composed  of  one  equivalent  of  chlorine  and  one 
equivalent  of  zinc.  .  , 

The  native  sulphuret  of  zinc,  or  zinc  blende,  is  frequently  found  in 
dodecahedral  crystals,  or  in  forms  allied  to  the  dodecahedron.  Its 
•trgcture  is  lamellated,  its  lustre  adamantine,  and  its  colour  variable, 
Uittr  sometimes  yellow,  red,  brown,  or  black.  It  may  be  made  arti- 
fidaUy  by  heating  to  redness  a  mixture  of  oxide  of  zinc  and  sul^hvu^ 
^decomposing  sulphate  of  zinc  by  charcoal,  oi  b^  di^'vck^\!ti^N<iV\V>^ 
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pr«cipiute  obuined  on  idding  hydrosidphuret  of  ammomitotald 
zinc. 

Sulphuret  of  zinc  is  composed  of  one  proportionil  of  etch  n 
con«iitu«nt#,  and  i«  ditsoWed  with  diflen|;agement  of  sulphorettell^ 
dro^en  $as  by  dilute  muriatic  or  sulpbuno  acid. 


IB 
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Cidmium  wa*  discorered  in  the  vear  1817  by  Strooi^  in  ■MtL 
tie  cf  zmc  which  had  been  prepared  for  medical  purposes*;  andkil^c 
fince  found  it  in  several  of  the  ores  of  that  metal,  especidljbii 
ired  blen-ie  from  Bohemia  which  contains  about  five  perceotsfl 
Riiua.     The  late  Dr  CUrkc  detected  its  existence  in  somsrfl 
zee  c:tf4  of  Derbyshire,  and  in  the  common  zinc  of  eommeicft  1 
He.-ipJth  hj«  Mund  it  in  considerable  quantity  in  thezioc  woitaM^ 
Bn>:o!*.     Purine  the  reduction  of  calamine  by  coal,  the  oda' 
whi*:h  i*  very  voUiile,  tlies  oflf  in  vapour,  mized  with  soot  indi 
c\iJe  o:'  zinc,  and  collects  in  the  roof  of  the  vault,  just  above  tiifllrii 
ieadoi^  tVcm  the  crucible.     Some  portions  of  this  substance  yidU 
'jum  twelve  to  twenty  per  cent  of  cadmium.  I 

The  proce«4  by  which  Stromeyer  separates  cadmium  fromuKil 
ether  nie:jU  is  the  following.    The  ore  of  cadmium  is  dissolved  is i*' 
lute  sulphuric  or  muriatic  acid,  and  after  adding  a  portion  of  freeadi^! 
4  current   of  sulphuretted  hydrogen  gas  is  transmitted|  throogh  Ai  i 
Lvj'jid,  by  means  of  which  the  cadmium  is  precipitated  ts  ndphMli 
while  the  zinc  continues  in  solution.    The  sulphuret  of  cadaiteli 
then  viei:on;;'oseJ  by  nitric  acid,  and  the  solution  evapoiated  to  A}*  C 
uess.     Tho  d.-y  nitrate  of  cadmium  is  dissolved  in  water,  and  in  V^  li 
cess  ot'cArV:>:iaie  of  ammonia  added.     The  white  carbonate  of  cil' 
mtum  <ub?kv!os,  which,  when  heated  to  redness,  yields  a  pan  odfe 
By  mixing  thi^  oxide  with  charcoal,  and  exposing  the  mixtontoi 
rtivi  hea:.  me'il!Ic  caJmium  is  sublimed. 

A  very  ckg^nt  process  for  separating  zinc  from  cadmiam  wu IM< 
p.^scd  by  P.-  WjMaston.  The  solution  of  the  mixed  metals  is  piftBl 
A  I'laiiu'jni  capsule,  and  a  piece  of  metallic  zinc  is  placed  in  iL  0 
caJmiuai  is  p:o«eor,  it  is  reduced,  and  adheres  so  tenaciously  tote 
capsule,  tlut  it  may  be  washed  with  water  without  danger  of  bei^ 
lost,  h  may  then  be  dissolved  either  by  nitric  or  dilute  maaSt 
aci.!. 

Ciir.:'  .1:::.  in  colour  and  lustre,  has  a  strong  resemblance  to  tin,W 
IS  sotr.cwha:  harder  and  more  tenacious.  It  is  very  ductile  fl' 
malloaMo.  Its  specific  gravity  is  S.604  before  being  hammered, isi 
?  (>9-l  a'.\orwa:d?.  It  melts  at  about  the  same  temperature  as  tin,W 
is  nearly  as  volatile  as  mercury,  condensing  like  it  into  globules  wbic 
liavo  a  moMllic  lustre.     Its  vapour  has  no  odour. 

When  hoatcv!  in  the  open  air,  it  absorbs  oxygen,  and  is  convcrti 
into  an  o\t.!o.  Ca  liiiiuni  is  readily  oxidized  and  dissolved  by  niti 
aciJ.  which  is  it-?  proper  solvent.  Sulphuric  and  muriatic  acids  J 
upon  it  less  easily,  and  the  oxygen  is  then  derived  from  water. 

Cav!:i;iur:i  combines  with  oxygen,  so  far  as  is  yet  known,  in  o 
proportion  on!y  ;  and  this  oxide  is  conveniently  procured  in  a  sepan 
•tate  by  ii^nitifii:  tho  carbonate.  It  has  an  orange  colour,  and  is  fii 
in  the  i&re.  Il  is  insoluble  in  water,  and  does  not  change  the  cok 
of  Tjolets ;  bul  il  is  ^v^w«\l>\\«^\v^'Qi^\^\>«!&«iA^tu&cv<^\v«s^VT^ 
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ids.  This  oxide,  according  to  the  analysis  of  StrOmeyer,  is  com« 
>8ed  of  56  parts  of  cadmium  and  8  parts  of  oxygen.  It  is  of  course 
garded  as  a  compound  of  one  proportional  of  each  element^  and 
»iiseqaent1y  56  is  the  equiyalent  of  cadmium. 
The  oxide  of  cadmium  is  precipitated  as  a  white  hydrate  by  pure 
amonia,  but  is  redissolved  by  excess  of  the  allcali.    It  is  precipitat- 

Eermanently  by  pure  potassa  as  a  hydrate,  and  by  all  the  alkaline 
onates  as  carl>onate  of  cadmium. 
The  sulphuret  of  cadmium,  which  occurs  native  in  some  Itinds  of 
Qc  blende,  is  easily  procured  by  the  action  of  sulphuretted  hydro- 
sn  on  a  salt  of  cadmium.  It  has  a  yellowish-orange  colour,  and  is 
sUogaished  from  the  sulphuret  of  arsenic  by  being  insoluble  in  pure 
»ta8fa,  and  by  sustaining  a  white  heat  without  subliming.  It  is 
imposed  of  56  parts  or  one  equivalent  of  cadmium,  and  16  parts  or 
le  equivalent  of  sulphur.  (Stromeyer.) 

The  chloride  of  cadmium  may  be  prepared  by  decomposing  the 
orlate  by  heat. 


SECTION  XIV. 

TIAT. 

tlie  tin  of  commerce,  known  by  the  names  of  block  and  grain  tin,  itf 
i>cored  from  the  native  oxide  by  means  of  heat  and  charcoal.  '  The 
Mt  grain  tin  is  almost  chemically  pure,  containing,  according  to  Dr 
bonison,  very  minute  quantities  of  copper  and  iron,  and  occasionally 
fftnenic. 

Tin  has  a  white  colour,  and  a  lustre  resembling  that  of  silver.  The 
rflliaDCT  of  its  surface  is  soon  impaired  by  exposure  to  the  atmos* 
beie,  tnough  it  is  Dot  oxidized  even  by  the  combined  agency  of  air 
nd  moisture.  Its  malleability  is  very  considerable ;  for  the  thick* 
BM  of  common  tin-foil  does  not  exceed  1-lOOOth  of  an  inch.  In 
netnity  and  tenacity  it  is  inferior  to  several  metals.  It  is  soft  and 
lebistfc,  and  when  bent  backwards  and  forwards,  emits  a  peculiar 
nekling  noise.  Its  specific  gravity  is  about  7.d.  At  442°  F.  it  fuses, 
nd  if  exposed  at  the  same  time  to  the  air,  its  surface  tatnishcs,  and  a 
ray  powder  is  formed.  When  heated  to  whiteness,  it  takes  fire  and 
urns  with  a  white  flame,  being  converted  into  the  peroxide  of  tin. 

(Mdes  of  Tin, — Tin  is  susceptible  Of  two  degrees  of  oxidation. 
loA  the  oxides  of  tin  form  salts  by  uniting  with  acids ;  but  they  are 
kewise  capable  of  combining  with  alkalies.  From  data  furnished  by 
be  experiments  of  Berzelius,  Gay-Lussac,  and  Thomson,  these  ox« 
lefl  are  inferred  to  be  thus  constituted  :-^ 

Tin,  Oxygen. 

Protoxide       58  or  one  equivalent.        8  or  one  equivalent. 
Peroxide         58         .         .        .         16  or  two  equivalents. 

The  protoxide  is  of  a  gray  colour,  and  is  formed  when  tin  is  kept 
br  tome  time  in  a  state  of  fusion  in  an  open  vessel.  It  may  also  be 
Rocared  by  precipitation  from  the  protomuriate  of  tin.  This  salt  is 
lade  by  boiling  tin  in  strong  muriatic  acid,  when  the  metal  is  ox- 
diied  by  the  decomposition  of  water;  and  if  atmospheric  aU  he 
saitfiiUy  excluded,  a  pure  protomuriate  results.  ¥iom  ^y&  «k\q?a«^ 
be  hydnte  of  the  protoMe  may  be  preclplUled,  eV&tet  \]i^  ^Ni\^  1^^- 


324  Tin. 

tava  or  tho  carbonate  of  that  alkali ;  but  an  excess  of  the  former 
muat  be  carefully  avoidetl,  as  otherwise  the  precipitate  would  be  ra- 
dissolved.  It  is  essential  likewise  to  the  success  of  the  process,  tbit 
the  protoxide  should  be  both  washed  and  dried  without  being  exposed 
to  the  air. 

The  protoxide  of  tin  is  remarkable  for  its  powerful  affinity  for  osf 
gen.  >Vhen  heated  in  open  vessels,  it  is  converted  into  the  peroiido 
with  evolution  of  heat  and  light.  Its  salts  not  only  attract  oxypD 
from  the  air,  but  act  as  powerful  deoxidizing  agents.  Thus  the  pro- 
tomuriate  of  tin  converts  the  peroxide  of  copper  or  iron  into  pro* 
toxides,  and  precipitates  silver,  mercury,  and  platinum  from  tosli 
solutions  in  the  metallic  state.  Added  to  a  solution  of  ^old,  it  oe» 
sions  a  purple-coloured  precipitate,  the  purple  of  Cos sttis,  whidi  ii 
a  compound  of  the  peroxide  of  tin  and  protoxide  of  gold.  By  Ab 
character  the  protoxide  of  tin  is  recognised  with  certainty.  It  if 
thrown  down  by  sulphuretted  hydrogen  as  the  black  protosolpfaant 
of  tin. 

The  peroxide  of  tin  is  most  conveniently  prepared  by  the  action  of 
nitric  acid  on  metallic  tin.  Nitric  acid,  in  its  most  concentrated 
state,  does  not  act  easily  upon  tin ;  but  when  a  small  quantity  of  wa« 
ter  is  added,  violent  effervescence  takes  place,  owing  to  the  evolutioa 
of  nitrous  acid  and  the  deutoxide  of  nitrogen,  and  a  white  powder,  the 
hydrated  peroxide  is  produced.  On  edulcorating  this  substance,  and 
heating  it  to  redness,  watery  vapour  is  expelled,  and  the  pure  peroi- 
idc,  of  a  straw  yellow  colour,  remains.  In  this  process  ammonia  is 
generated,  a  circumstance  which  proves  water  as  well  as  nitric  acid 
to  have  been  decomposed. 

The  peroxide  of  tin  has  a  very  feeble  affinity  for  acids.  With 
nitric  acid  it  does  not  unite  at  all ;  and  as  prepared  by  the  preceding 
method,  it  is  dissolved  by  muriatic  acid,  even  before  being  ignited, 
with  great  difficulty.  The  permuriate  of  tin  may,  however,  be  formed 
by  the  action  of  nitro-muriatic  acid  on  metallic  tin,  aided  by  agenda 
heat.  In  this  manner  is  obtained  the  solution  of  tin  employed  as  a 
mordant  in  dyeing. 

The  peroxide  of  tin  is  separated  from  its  solution  in  muriatic  arid 
as  a  bulky  hydrate  by  potassa,  ammonia,  or  the  alkaline  carbonates^ 
and  the  precipitate  is  easily  and  completely  redissolved  by  the  pure 
fixed  alkali  in  excess.  Sulphuretted  hydrogen  occasions  a  yelloir 
precipitate,  which  is  either  the  hydrosulphuret  of  the  peroxide  of  tin, 
or  the  bisulphuret  of  the  metal. 

The  peroxide  of  tin,  when  melted  with  glass,  forms  white  enamel 

Chlorides  of  Tin. — Tin  unites  in  two  proportions  with  chlorfpe> 
and  the  researches  of  Dr  Davy  leave  no  doubt  of  these  compoiDils 
being  analogous  in  composition  to  the  oxides  of  tin. 

The  protochloride,  which  consists  of  one  equivalent  of  tin  and  ooe 
equivalent  of  chlorine,  may  be  made  either  by  evaporating  the  mO' 
riate  of  the  protoxide  to  dryness  and  fusing  the  residue  in  a  close  ws* 
sel,  or  by  heating  an  amalgam  of  tin  with  calomel.  (Dr  Davy.)  Iti* 
a  gray  solid  substance,  of  a  resinous  lustre,  which  fuses  at  a  beat 
below  redness,  and  when  heated  in  chlorine  gas  is  converted  into  the 
bichloride. 

The  bichloride,  composed  of  one  equivalent  of  tin  and  two  equ*** 
Jents  of  chlorine,  may  be  prepared  either  by  heating  metallic  tin  of 
the  protochloride  in  an  atmosphere  of  chlorine,  or  by  distilling  a  mix- 
ture of  eight  parts  of  tin  in  powder  with  twenty-four  of  corronvs  mh- 
iimMe.  It  IS  a  colowUaa  noUiVL^  U^^uid,  which  emits  copioof  wh»« 
lumea  when  exposed  to  t!h«  a.\iiiosi^\i<»«.   \v.\A&^^w}^(s»B^attrtfi- 
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tion  for  water,  and  is  converted  by  that  fluid  into  the  permuriatc.  It 
was  formerly  called  the  fuming  liquor  of  Libavius. 

Sulphnreis  of  Tin. — The  protosulphuret  is  best  formed  by  heatinor 
sulphur  with  metallic  tin.  A  brittle  compound  of  a  bluish-gray  colour 
and  metallic  lustre  results,  which  is  fusible  at  a  red  heat,  and  assumes 
a  lamellated  structure  in  cooling.  It  is  dissolved  by  muriatic  acid, 
with  disengagement  of  sulphuretted  hydiogen.  According  to  the 
analysis  of  Dr  Davy  and  Berzelius,  it  is  composed  of  one  equivalent 
of  tin  and  one  equivalent  of  sulphur. 

The  bisulphuret,  formerly  called  aurum  musivum,  has  a  golden 
yellow  colour,  and  is  made  by  heating  a  mixture  of  sulphur  and  per- 
oxide of  tin  in  close  vessels.  The  elements  of  the  latter  unite  with 
separate  portions  of  sulphur,  forming  sulphurous  acid  and  bisulphuret 
of  tin.  This  compound  was  supposed  by  Proust  to  be  the  hydro- 
•ulphuret  of  the  peroxide  of  tin,  and  its  real  nature  was  first  made 
known  by  Dr  Davy.  (Philos.  Trans,  for  1812,  page  198.)  It  consists 
of  one  equivalent  of  tin  and  two  equivalents  of  sulphur. 

By  exposing  a  mixture  of  sulphur  and  protosulphuret  of  tin  to  a  low 
red  heat,  Berzelius  obtained  a  compound  consisting  of  58  parts  or  one 
equivalent  of  tin,  and  24  parts  or  one  equivalent  and  a  half  of  sulphur. 
If  it  is  really  a  definite  compound,  it  should  be  termed  a  iesquisuU 
phuret. 


CLASS  11. 
ORDER  II. 

METJiLS  WHICH  DO  .YOT  DECOMPOSE  WATER 
AT  AJVY  TEMPERATURE,  AjVD  THE  OXIDES  OF 
WHICH  ARE  JSrOT  REDUCED  TO  THE  METALLIC 
STATE  BY  THE  SOLE  ACTIOJ\r  OF  HEAT 


SECTION  XV. 

ARSEJSriC. 

Metallic  arsenic  sometimes  occurs  native,  but  more  frequently  it  is 
found  in  combination  with  other  metals,  and  especially  with  cobalt 
and  iron.  On  roasting  these  arsenical  ores  in  a  revcrberatory  furnace, 
the  arsenic,  from  its  volatility,  is  expelled,  combines  with  oxygen  as 
it  rises,  and  condenses  into  thick  cakes  on  the  roof  of  the  chimney. 
The  sublimed  mass,  after  being  purified  by  a  second  sublimation,  is 
the  virulent  poison  known  by  the  name  of  arsenic,  or  white  oxide  of 
arsenic.  From  this  substance  the  metal  itself  is  procured  by  heating 
it  with  charcoal.  The  most  convenient  process  is  to  mix  the  white 
oxide  with  about  twice  its  weight  of  black  flux,  and  expose  0\«\tvviL- 
tnre  to  a  red  heat  in  a  Hessian  crucible,  over  wVi\cV\  \a\\xV«^  ^tv^vcv^Vs 
eraeible  for  receiving  the  metal.  The  reducUou  \a  e^j^^Xs  ^^%^V»^< 
C  e 
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and  metallic  arsenic  collects  io  the  upper  cracible,  which  should  be 
kept  cool  for  the  purpose  of  condensiDg  the  Tapour. 

Arsenic  is  an  exceedingly  brittle  metal,  of  a  strong  metallic  Instie, 
and  white  colour,  runninj;  into  steel-gray.  Its  structure  is  crystalKne, 
and  its  density  8.3*.  When  heated  to  356°  F.,  it  sublimes  withoot 
previously  liquefying;  for  its  point  of  fusion  is  far  above  that  of  ill 
sublimation,  and  has  not  hitherto  been  determined.  Its  vapour  hii 
a  strong  odour  of  garlic,  a  property  which  affords  a  distingulsfaing 
character  for  metallic  arsenic,  as  it  is  not  possessed  by  any  other  metil^ 
with  the  exception  perhaps  of  zinc,  which  is  said  to  emit  a  Bimflir 
odour  when  thrown  in  powder  on  burning  charcoal.  In  close  vessel 
it  may  be  sublimed  without  chanse,  but  if  atmospheric  air  be  admit- 
ted, it  is  rapidly  converted  into  the  white  oxide.  It  soon  tamidiei 
by  exposure  to  the  atmosphere  at  common  temperatures,  acquiriof  a 
dark  film  upon  its  surface.  This  crust,  which  is  exceedingly  supofi* 
cial,  was  supposed  by  Berzelius  to  be  a  distinct  oxide;  but  it  is  more 
generally  regarded  as  a  mixture  of  white  oxide  and  metallic  annic 

Compounds  of  Arsenic  and  Oxygen. 

Chemists  are  acquainted  with  two  compounds  of  arsenic  and  oxysen, 
and  as  they  both  possess  the  properties  of  an  acid,  the  terms  arsenunu 
and  arsenic  acid  have  been  properly  applied  to  them.  Consldeiable 
difference  of  opinion  exists  as  to  their  composition.  Dr  Thomtoo 
believes  38  to  be  the  combining  proportion  of  metallic  arsenic,  and 
that  arseoious  acid  consists  of  one  atom  of  metal  to  two  atoms  of 
oxygen,  and  arsenic  acid,  of  one  atom  of  metal  to  three  atoms  of  oxy- 
gen. According  to  Berzelius,  37.627  is  the  equivalent  of  the  metal, 
and  the  oxygen  in  the  two  acids  is  in  the  ratio  of  3  to  5.  Arseoious 
acid  is  stated  by  the  former  to  contain  29.63,  and  by  the  latter  24.1S 
per  cent  of  oxygen,  a  difference  which  is  very  considerable.  The  re- 
sults of  Dr  Thomson  are  commonly  adopted  in  this  country;  but  as 
several  circumstances  induce  me  to  suspect  their  accuracy,  I  shall  em* 
ploy  those  of  Berzelius  by  preference.  As  the  atomic  weight  of 
metallic  arsenic  was  found  nearly  the  same  by  both  chemists,  38 may 
be  adopted  as  the  most  convenient..  The  composition  of  the  two 
acids  of  arsenic  may  accordingly  be  ttius  stated : — 

Arsenic.  Oxygen. 

Arsenious  acid  38  or  one  equiv.         12  or  one  and  a  half  equiv. 

Arsenic  acid  38  or  one  equiv.  20  or  two  and  a  half  equir. 

Arsenious  Acid. — This  compound,  frequently  called  white  onde 
of  arsenic,  is  always  generated  when  arsenic  is  heated  in  open 
vessels,  and  may  be  prepared  by  digesting  the  metal  in  dilute  nitric 
acid.  At  380°  it  is  volatilized,  yielding  vapours  which  do  not  possess 
the  odour  of  garlir,  and  which  condense  unchanged  on  cold  surfaces. 
If  the  sublimation  is  conducted  slowly,  the  vapour  is  deposited  in  the 
form  of  distinct  octahedral  crystals  of  adamantine  lustre,  and  perfectly 
transparent.  If  the  arsenious  acid  is  suddenly  heated  beyond  its  sab- 
liming  point,  it  fuses  into  a  transparent  brittle  glass,  which  gradually 
becomes  opake  by  keeping.  The  specific  gravity  of  this  glass  is  about 
3.7. 


Accordmg  to  Guibourt,  the  density  of  arsenic  is  6.9.     This 
"omber  is  adopted  by  Thenavd,  wVvo  cotvsu\e\%  W.  la.^  \xxQt^  accurate  than 
o,8,  ibe  number  obtained  by  Bet^mwaiv.    ^. 
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te  of  arsenious  acid  is  stated  differently  by  different  persons, 
tlently  thought  to  be  acrid ;  but  I  am  satisfied  from  personal 
•D  that  it  may  be  deliberately  tasted,  without  exciting  more 
Y  faint  impression  of  sweetness,  and  perhaps  of  acidity.  The 
ascribed  to  it  has  probably  been  confounded  with  the  local 
ioD»  by  which  its  application,  if  of  some  continuance,  is 
(Dt  Christison  on  the  Taste  of  Arsenic  in  the  Edinburgh 
Qd  Surgical  Journal  for  July  1827.)  It  reddens  vegetable  blue 
ebly,  an  effect  which  is  best  shown  by  placing  the  acid  in 
1  moistened  litmus  paper.  It  combines  with  salifiable  bases, 
ilts  which  are  termed  arsenites, 

ng  to  the  experiments  of  Klaproth  and  Bucholz,  1000  partf 
water  dissolve  77.75  of  arsenious  acid ;  and  the  solution, 
Qg  cooled  to  60°  F.  contains  only  30  parts.  The  same 
f  water  at  60,  when  mixed  with  the  acid  in  powder,  dissolves 
>arts  and  a  half. 

t8  which  are  commonly  recommended  for  detecting  the  pre- 
irsenious  acid  are  four  in  number;  namely,  lime-water,  the 
al  nitrate  of  silver,  the  ammoniacal  sulphate  of  copper,  and 
ed  hydrogen. 

Q  lime-water  is  added  in  excess  to  a  solution  of  arsenious 
ite  precipitate  subsides,  which  is  the  arsenite  of  lime.  On 
I  salt,  mifdng  it  with  powdered  charcoal  or  black  flux,  and 
e  mixture  contained  in  a  glass  tube  to  redness  by  means  of 
op,  the  arsenic  is  reduced,  sublimes,  and  condenses  in  a 
)f  the  tube.  The  process  of  reduction  is  absolutely  neces- 
i  several  other  acids  as  well  as  the  arsenious,  such  as  tiie 
>hosphorlc,  oxalic,  and  tartaric  acids,  yield  white  precipi- 
lime-water.  The  arsenite  of  lime  is  soluble  in  all  acids 
capable  of  dissolving  lime  itself.  Indeed  all  the  arsenites 
^ed  by  those  acids,  with  which  their  bases  do  not  form 
:ompounds. 

ater  is  of  little  service  for  discovering  arsenious  acid  in 
ds.  For  the  arsenite  of  lime  is  so  light  a  powder,  that 
led  in  gelatinous  or  oleaginous  solutions,  such  as  in  broth, 
e  with  milk,  it  remains  suspended  in  the  liquid,  and  cannot 
sd/rom  it. 

lious  acid  is  not  precipitated  by  nitrate  of  silver  unless  an 
resent,  which  may  unite  with  the  nitric  acid.    Ammonia  is 

employed  for  the  purpose ;  but|  as  the  arsenite  of  silver 
uble  in  ammonia,  an  excess  of  the  alkali  might  retain  the 
f  silver  in  solution.  To  remedy  this  inconvenience,  Mr 
poses  to  employ  the  ammoniacal  nitrate  of  silver,  which  is 
Topping  ammonia  into  a  solution  of  lunar  caustic,  till  the 
Iver  at  first  thrown  down  is  nearly  all  dissolved.  The  liquid 
tred  contains  the  precise  quantity  of  ammonia  which  if 
and  when  mixed  with  arsenious  acid,  two  neutral  salts 

soluble  nitrate  of  ammonia,  and  the  insoluble  yellow 
f  silver.  The  ammoniacal  nitrate  of  silver  likewise 
the  risk  of  fallacy  that  might  arise  from  the  presence  of 

acid.  The  phosphate  of  silver  is  so  very  soluble  in  am- 
t  when  a  neutral  phosphate  is  mixed  with  the  ammoniacal 
silver,  the  resulting  phosphate  of  silver  is  held  almost 
solution  by  the  free  ammonia. 

of  nitrate  of  silver,  however,  even  in  its  improved  state,  is 
to  objection.  For  when  arsenious  acid  in  small  propottlo^ 
ith  salts  of  muriatic  acid,  or  animal  and  ve^<&Vd^\^\\A\»Sv(yQA> 
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the  ar^cnite  of  silver  either  does  not  subside  at  all,  or  is  precipitated  in 
80  impure  a  state  that  its  characteristic  colour  canuot  be  distinguished. 
Several  methodtt  have  been  proposed  for  obviating  this  source  of 
fallacy ;  but  Dr  Chrislison  has  shown,  as  I  conceive  quite  satisfac- 
torily, that  this  test  cannot  be  relied  on  in  practice. 

3.  The  aiumoniacal  sulphate  of  copper,  which  is  made  by  adding 
ammonia  to  a  solution  of  sulphate  of  copper,  until  tlie  precipitate,  at 
tiist  thrown  down,  is  nearly  all  redissolved,  occasions  with  arsenioni 
acid  a  green  preripitate,  which  has  been  long  used  as  a  pigment 
under  the  name  of  Scheelt's  green.  This  test,  though  well  adapted 
tor  detcciin;;  arseiiious  acid  dissolved  in  pure  water,  is  very  fallacious 
when  applied  to  mixed  tluids.  Dr  Christison  has  proved  that  the 
animofiiacal  sulphate  of  copper  produces  in  some  animal  and  ve^ 
table  infii.«ionj<,  containin*;  no  arsenic,  a  greenish  precipitate,  which 
may  be  mistaken  for  Schcele*s  green  ;  whereas  in  other  mixed  flnidh 
sucii  as  tea  and  porter,  to  which  arsenic  has  been  previously  added, 
it  occasions  none  at  all,  if  the  arsenious  acid  is  in  small  quantity.  In 
some  of  these  liquids,  a  free  vegetable  acid  is  doubtless  the  solvent; 
but  the  arsenite  of  copper  is  also  dissolved  by  tannin,  and  perhaps  by 
other  vegetable  as  well  as  some  animal  principles. 

4.  When  a  current  of  sulphuretted  hydrogen  gas  is  conducted  through 
a  solution  of  arsenious  acid,  the  fluid  immediately  acquires  a  yeUoir 
colour,  and  in  a  short  time  becomes  turbid,  owinfr  to  the  formation  of 
ori)iment,  or  the  yellow  sulphuret  of  arsenic.  The  precipitate  is  it 
first  partially  suspended  in  the  liquid ;  but  as  soon  as  the  free  sol- 
phurettCil  hydrop;en  is  expelled  by  boiling,  it  subsides  perfectly,  and 
may  ca.xily  be  collected  on  a  filter.  One  condition,  however,  must  be 
cbjcrved  in  order  to  insure  success,  namely,  that  the  liquid  does  not 
contain  a  free  alkali ;  for  the  sulphuret  of  arsenic  is  dissolved  widi 
remarkable  facility  by  pure  potassa  or  ammonia.  To  avoid  this  source 
of  fallacy,  it  is  necessary  to  acidulate  the  solution  with  a  little  acetic 
or  muriatic  acid.  Sulphuretted  hydrogen  likewise  acts  on  arsemc  In 
all  vegetable  and  animal  lluids,  if  previously  boiled,  filtered,  and 
acidulated. 

But  it  docs  not  necessarily  follow,  because  sulphuretted  hydrogen 
causes  a  yellow  precipitate,  that  arsenic  is  present ;  for  there  are  not 
less  than  four  other  substances,  namely,  selenium,  cadmium,  tin,  and 
antimony,  the  sulphurets  ot*  which,  judging  from  their  colour  alone, 
might  be  niiittaken  for  orpiment.    From  these  and  all  other  substances 
whatever,  the  sulphuret  of  arsenic  may  be  thus  distinguished. — When 
heated  with  black  llux  in  the  manner  described  for  reducing  the  arsenite 
of  lime,  a  metallic  crust  of  an  iron-gray  colour  externally,  and  crj'Stal- 
line  on  its  inner  surface,  is  deposited  on  the  cool  part  of  the  tube;  and  by 
converting  a  poition  of  this  crust  into  vapour,  its  alliaceous  odour  will 
instantly  he  perceived.    Besides  these  circumstances,  which  alone  are 
quite  satisfactory,  it  is  easy  to  procure  additional  evidence  by  recon- 
verting the  metal  into  arsenious  acid,  so  as  to  obtain  it  in  the  form  of 
resplendent  octahedral  crystals.    This  is  done  by  holding  that  part  of 
the  tube  to  which  the  arsenic  adheres,  about  three-fourths  of  an  inch 
above  a  very  small  spirit  lamp  flame,  so  that  the  metal  may  be  slowly 
sublimed.    As  it  rises  in  vapour,  it  combines  with  oxygen,  and  is  de- 
posited in  crystals  within  the  tube.    The  character  of  these  crystals 
with  respect  to  volatility,  lustre,  transparency,  and  form,  is  so  exceed- 
ingly well  marked,  that  a  practised  eye  may  safely  identify  them, 
though  their  weight  should  not  exceed  the  100th  part  of  a  grain.    This 
experiment  does  not  succeed,  unless  the  tube  be  quite  clean  and  dry. 
It  hence  appears,  that  o{  lYie  \auQ>aL%  \.e«\»  l\^\  ^^wkajc^  the  only  one 
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which  gives  uniform  results,  and  is  applicable  to  every  case,  is  sulphu- 
retted hydrogen : — all  the  rest  may  be  dispensed  with.  For  this  great 
improvement  in  the  mode  of  testing  for  arsenious  acid,  we  are  indebted 
to  Dr  Cbristison.  By  this  process,  he  discovered  the  presence  of 
uienious  acid  when  mixed  with  complex  fluids,  such  as  tea,  porter, 
•nd  the  like,  in  the  proportion  of  one-fourth  of  a  grain  to  an  ounce ; 
and  more  recently  he  has  twice  obtained  so  small  a  quantity  as  the 
SOth  of  a  grain  from  the  stomachs  of  people  who  had  been  poisoned 
with  arsehic.  (Edinburgh  Medical  and  Surgical  Journal  for  October 
1824;  and  second  volume  of  the  Transactions  of  the  Medico- Chirur- 
gical  Society  of  Edinburgh.) 

The  black  flux  employed  in  the  processes  for  reducing  arsenic,  is 

arepared  by  deflagrating  a  mixture  of  the  bitartrate  of  potassa  with  half 

its  weight  of  nitre.    The  nitric  and  tartaric  acids  undeigo  decomposl- 

tioD,  and  the  solid  product  is  charcoal  derived  from  tartaric  acid,  and 

pure  carbooate  of  potassa.    When  this  substance  is  employed  in  the 

reduction  of  arsenious  acid  or  its  salts,  the  charcoal  is  of  course  the 

chief  ingredient;  but  the  alkali  is  of  use  in  retaining  thearsenious  acid. 

Until  the  temperature  is  sufficiently  high  for  its  decomposition.     With 

tulphuret  of  arsenic,  on  the  contrary,  the  alkali  is  the  active  principle, 

the  potassium  of  which  unites  with  sulphur  and  liberates  the  arsenic ; 

but  the  charcoal  operates  usefully  by  facilitating  the  decomposition  of 

the  alkaline  carbonate. 

Jlraenic  Jicid, — ^This  compound  is  made  by  dissolving  arsenious  acid 
n  concentrated  nitric,  mixed  with  a  little  muriatic  acid,  and  distilling 
Lfae  solution  to  perfect  dryness.  The  acid  thus  prepared,  has  a  sour 
aetallic  taste,  reddens  vegetable  blue  colours,  and  with  alkalies  forms 
MntnU  salts,  which  are  termed  arseniates.  It  is  much  more  soluble 
in  water  than  arsenious  acid,  dissolving  in  five  or  six  times  its  weight 
af  cold,  and  in  a  still  smaller  quantity  of  hot  water.  It  fori;^  irregular 
grains  when  its  solution  is  evaporated,  but  does  not  crystallize.  If 
strongly  heated,  it  fuses  into  a  glass  which  is  deliquescent.  When 
;irged  by  a  very  strong  red  heat,  it  is  resolved  into  oxygen  and  arse- 
nious acid.     It  is  an  active  poison. 

Arsenic  acid  is  decomposed  by  sulphuretted  hydrogen  gas,  and  yields 
31  sulphuret  of  arsenic  very  like  orpiment  in  colour,  but  containing  a 
greater  proportional  quantity  of  sulphur.  The  soluble  arseniates,  when 
tnixed  with  the  nitrate  of  lead  or  silver,  form  insoluble  arseniates,  the 
former  of  which  has  a  white,  and  the  latter,  a  brick  red  colour.  They 
dissolve  readily  in  dilute  nitric  acid,  and  when  heated  wilh  charcoal 
yield  metallic  arsenic. 

Chloride  of  Arsenic, — When  arsenic  in  powder  is  thrown  into  a  jar 
full  of  dry  chlorine  gas,  it  takes  fire,  and  a  chloride  of  arsenic  is  gene- 
rated ;  and  the  same  compound  may  be  formed  by  distilling  a  mixture 
of  six  parts  of  corrosive  sublimate  wilh  one  of  arsenic.  It  is  a  colour- 
less volatile  liquid,  which  fumes  stronp;ly  on  exposure  to  the  air,  hence 
called  faming  liquor  of  arsenic y  and  is  resolved  by  water  into  muri- 
atic and  arsenious  acids.  According  to  Dr  J.  Davy,  it  is  composed  of 
B0.4S  parts  of  chlorine  and  89.52  of  arsenic,  a  proportion  which  does 
iiot  correspond  with  the  laws  of  combination,  and  therefore  is  doubt- 
less inexact. 

The  following  process  has  been  lately  proposed  by  M.  Dumas. 
Into  a  tubulated  retort  is  introduced  a  mixture  of  arsenious  acid  with 
ten  times  its  weight  of  concentrated  sulphuric  acid ;  and  after  raising 
Its  temperature  to  near  212'',  fragments  of  sea^salt  are  thrown  in  h^  vVv^ 
tubular.  If  the  salt  is  added  in  successive  smaW  porWotis,  s^^te^Vj  ^tcj 
tnuria/ic  acid  gas  is  evolved,  and  the  pure  chVoude  m%v  X^^  coW^^v^*^ 
C  c  2 
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ID  cooled  vessels.  Towards  the  end  of  the  process,  i  little  wftter  fre- 
quently paAMs  over  with  the  chloride,  but  this  hydntted  portion  doei 
not  mix  with  the  anhydrous  chloride,  but  swims  on  its  surface.  The 
hydrate  may  be  decomposed,  and  a  pure  chloride  obtained,  by  disdl- 
linfc  the  mixture  from  a  sufficient  quantity  of  concentrated  sulpboric 
acid.  M.  Dumas  considers  this  compound  a  protochloride  of  arsede, 
BO  that  it  is  probably  diflerent  from  that  obtained  by  means  of  corrosi?e 
sublimate.  (Quarterly  Journal  of  Science,  N.  S.  i.  235.) 

.Hrseniuretted  Hydrogen. — This  gas,  which  was  discovered  bj 
Scheelc,  is  most  conveniently  prepared  by  digesting  an  alioy  of  da 
and  arsenic  in  muriatic  acid.  It  is  a  colourless  elastic  Quid,  of  a  fetid 
odour,  resembling  that  of  garlic.  Its  specific  gravity  is  about  0.5.  It 
extinguishes  bodies  in  combustion,  but  it  is  itself  kindled  by  them,  and 
burns*  with  a  blue  flame.  It  instantly  destroys  small  animals  that  aie 
immersed  in  it,  and  is  poisonous  in  a  high  degree,  having  proved  fatil 
to  a  German  philosopher,  the  late  M.  Gchlen.  With  oxygen  gas,  it 
forms  an  explosive  mixture,  and  is  decomposed  by  chlorine  with  de- 
position of  arsenic.  It  is  not  absorbed  by  water,  nor  does  it  possess 
acid  properties.  It  has  not  hitherto  been  obtained  in  a  pare  state, 
being  always  mixed  with  hydrogen,  and  consequently  its  composition 
has  not  been  exactly  determined. 

A  solid  compound  of  arsenic  and  hydrogen  of  a  brownish  eotoar  was 
discovered  by  Sir  H.  Davy,  and  Gay-Lussac  and  Thenard.  It  is  form- 
ed by  the  action  of  water  on  an  alloy  of  potassium  and  arsenic;  and  it 
is  also  generated  by  attaching  a  piece  of  arsenic  to  the  negative  wire 
during  tiie  decomposition  of  water  by  a  galvanic  battery.  Its  compo- 
sition is  unknown. 

Sitlphtirtts  of  .Arsenic. — Sulphur  unites  with  arsenic  in  at  least 
three  proportions,  forming  compounds,  two  of  which  occur  in  the  mi- 
neral kinj^dom,  and  arc  well  known  by  the  names  of  realgar  and  orpi- 
ment.    Realgar  or  the  protosulphuret  may  be  formed  artificially  by 
heating  arscnious  acid  with  about  half  its  weight  of  sulphur,  until  the 
mixture  is  brought  into  a  slate  of  perfect  fusion.     The  cooled  mass  is 
crystalline,  transparent,  and  of  a  ruby-red  colour;  and  maybe  sub- 
limed in  close  vessels  without  change.    It  is  composed  of  38  parts  or 
one  equivalent  of  arsenic,  and  16  parts  or  one  equivalent  of  solpbar. 

Orpiment,  or  the  sesquisulphuret  of  arsenic,  may  be  prepared  by 
fusing  together  equal  parts  of  arsenious  acid  and  sulphur;  but  the  best 
mode  of  obtaining  it  quite  pure  is  by  transmitting  a  current  of  sulpha- 
retted  hydrogen  gas  through  a  solution  of  arsenious  acid.  Orpiment 
has  a  lich  yellow  colour,  fuses  readily  when  heated,  and  becomet 
crystalline  on  cooling,  and  in  close  vessels  may  be  sublimed  without 
change.  It  is  dissolved  with  great  facility  by  the  pure  alkalies,  and 
yields  colourless  solutions.  In  composition  it  is  proportional  to  arse- 
nious acid  ;  that  is,  it  consists  of  38  parts  or  one  equivalent  of  arsenic, 
and  24  parts  or  one  equivalent  and  a  half  of  sulphur. 

Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  principle 
of  the  paint  called  ITifuir^s  yellovo.  M.  Braconnot  has  proposed  it 
likewise  for  dyeing  silk,  woollen,  or  cotton  stuffs  of  a  yellow  colour. 
For  this  purpose  the  cloth  is  soaked  in  a  solution  of  orpiment  in  am- 
monia, and  then  suspended  in  a  warm  apartment.  The  alkali  evapo- 
rates, and  leaves  the  orpiment  permanently  attached  to  the  fibres  of 
the  cloth.  (An.  de  Ch.  et  de  Ph.  vol.  xii.) 

The  persulphuret  of  arsenic  is  prepared  by  transmitting  sulphuretted 

hydrogen  gas  through  a  moderately  strong  solution  of  arsenic  acid;  or 

by  saturating  a  8o\uVion  o^  waem^Ve  o^  ^^oVao.^^  ^ix  ^d«.  with  the  same 

gM,  and  acidulating  w'llYi  nxunaXv^  ot  ^e«>C\a  ^<cv!^.   IV*^  «n7|^^^V^ 
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acid  unites  with  the  hydrogen  of  the  gas,  and  penulphuret  of  arsenic 
flulwides.  In  colour  it  is  very  similar  to  orpiment,  is  dissolved  by  pure 
alkalies,  fuses  by  heat,  and  may  be  sublimed  in  close  vessels  without 
decomposition.  It  is  proportional,  in  composition,  to  arsenic  acid; 
Chat  is,  it  consists  of  one  equivalent  of  arsenic  and  two  equivalents 
and  a  half  of  sulphur. 

The  experiments  of  Orfila  have  proved  that  the  sulphurets  of  arsenic 
are  poisonous,  though  in  a  much  less  degree  than  arsenious  acid. 
The  precipitated  aulphuret  is  more  injurious  than  native  orpiment. 


SECTION  XVI. 

CHROMIUM.      MOLYBDEJ\rUM.      TWVGSTEJST,      CO- 

LUMBIUM, 

Chromium. 

Chromium*  was  discovered  in  the  year  1797  by  Yauquelint  in  a 
beautiful  red  mineral,  the  native  chromate  of  lead.  It  has  since  been 
detected  in  the  mineral  called  chromate  of  iron,  a  compound  of  the 
osidea  of  chromium  and  iron,  which  occurs  abundantly  In  several 
oarts  of  the  continent,  in  America,  and  at  Unst  in  Shetland.  (Hib- 

Chromium,  which  has  hitherto  been  procured  in  very  small  quantity, 
owing  to  its  powerful  attraction  for  oxygen,  may  be  obtained  by  ex- 
posing the  oxide  of  chromium  mixed  with  charcoal  to  the  most 
Intense  heat  of  a  smith's  forge.  Its  colour  is  white  with  a  shade  of 
yellow  and  distinct  metallic  lustre.  It  is  a  brittle  metal,  very  infusible, 
and  with  difficulty  attacked  by  acids,  even  by  the  nitro-muriatic.  Its 
specific  gravity  has  been  stated  at  5.9  ;  but  Dr  Thomson  found  it  a 
little  above  5.  When  fused  with  nitre,  it  is  oxidized,  and  converted 
iato  chromic  acid. 

Chromium  unites  with  oxygen  in  two  proportions,  forming  the 
green  oxide,  and  chromic  acid.  Dr  Thomson  some  years  ago  ascer- 
tained that  the  combining  proportion  of  chromic  acid  is  62 ;  and 
according  to  the  results  of  an  elaborate  investigation,  published  in  the 
Philosophical  Transactions  for  1827,  the  oxide  and  acid  are  thus  con- 
ititated : — 

Cliromium,  Oxygen, 

Green  oxide  32  or  one  equiv.         S  or  one  equivalent. 

Chromic  acid        82        .        .  20  or  two  and  a  half  equiv. 

Protoxide. — ^This  oxide  is  easily  prepared  by  dissolving  chromate 
of  potassa  in  water,  and  mixing  it  with  a  solution  of  protonitrate  of 
mercury,  when  an  orange-coloured  precipitate,  the  chromate  of  the 
protoxide  of  mercury,  subsides.  On  heating  this  salt  to  redness  in 
an  earthen  crucible,  the  mercury  is  dissipated  in  vapour,  and  the 
chromic  acid  is  resolved  into  oxygen  and  protoxide  of  chromium. 


*  From  XgM/uat,  colour,  indicative  of  its  remarkable  tendency  to 
form  coloured  compounds. 
t  Anaales  de  Cbimie,  vol.  xxv.  and  Ixx. 
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Protoxide  of  chromium  is  of  a  ereen  colour,  exceedingly  iDfusible, 
aAd  Bufferfl  no  change  by  heat.  It  is  insoluble  in  water,  an4  after 
being  strongly  heated,  resists  the  action  of  the  most  powerful  acidi. 
Deflagrated  with  nitre,  it  is  oxidized  to  its  maximum,  and  is  thus  recon- 
verted into  chromic  acid.  Fused  with  borax  or  yitreous  substances, 
it  communicates  to  them  a  beautiful  green  colour,  a  property  whicli 
aflfords  an  excellent  test  of  its  presence,  and  renders  it  exceedingly 
useful  in  the  arts.  The  emerald  owes  its  colour  to  the  presence  of 
this  oxide. 

Protoxide  of  chromium  is  a  salifiable  base,  and  its  salts,  which  baie 
a  green  colour,  may  be  easily  prepared  in  the  following  manner.  To 
a  boiling  solution  of  chromate  of  potassa  in  water,  equal  measures  tH 
strong  muriatic  acid  and  alcohol  are  added  in  successive  small  po^ 
tions,  until  the  red  tint  of  the  chromic  acid  disappears  entirely,  ind 
the  liquid  acquires  a  pure  green  colour.  On  pouring  an  excess  of 
pure  ammonia  into  this  solution,  a  pale  green  bulky  precipitate  ii 
formed,  which  consists  of  one  equivalent  of  the  protoxide  and  twenty- 
six  equivalents  of  water.  (Thomson.)  The  hydrate  is  readily  dinolved 
by  acids. 

Chromic  Acid. — ^This  acid  is  prepared  by  digesting  chromate  of 
baryta  in  a  quantity  of  dilute  sulphuric  acid  exactly  sufficient  for 
combining  with  the  baryta.  The  sulphate  of  baryta  subsides,  and  a 
solution  of  chromic  acid  is  obtained.  Another  method  has  been  lately 
proposed  by  M.  Arnold  Maus,  which  consists  in  decomposing  a  hot 
concentrated  solution  of  bichromate  of  potassa  by  silicated  hydro- 
fluoric <icid.  The  chromic  acid,  after  being  separated  from  the  spar- 
ingly soluble  hydrofluate  of  silica  and  potassa,  is  evaporated  to  dryness 
in  a  platinum  capsule,  and  then  redissolved  in  the  smallest  possible 
quantity  of  water.  By  this  means  the  last  portions  of  the  double  salt 
are  rendered  insoluble,  and  tiie  pure  chromic  acid  is  then  separated  by 
decanlalion.  The  acid  must  not  be  filtered  in  this  concentrated  state, 
as  it  then  corrodes  paper  like  sulphuric  acid,  and  is  converted  into 
chromate  of  the  green  oxide  of  chromium.  When  it  is  wished  to 
prepare  a  large  quantity  of  chromic  acid  by  this  process,  porcelain 
vessels  may  be  safely  employed  in  the  first  part  of  the  operation,  pro- 
vided care  is  taken  to  add  a  quantity  of  silicated  hydrofluoric  acid 
not  quite  sufficient  for  precipitating  the  whole  of  the  potassa.  (Edin- 
burgh Journal  of  Science,  No.  xvi.  175.) 

Chromic  acid  has  a  dark  ruby-red  colour,  and  forms  irregular  crys- 
tals when  its  solution  is  concentrated.  It  is  very  soluble  in  water, 
has  a  sour  taste,  and  possesses  all  the  properties  of  an  acid.  It  is 
converted  into  the  green  oxide,  with  evolution  of  oxygen,  by  expo- 
sure to  a  strong  heat.  It  yields  a  muriate  of  the  protoxide,  when 
boiled  with  muriatic  acid  and  alcohol,  and  the  direct  solar  rays  have 
a  similar  effect  when  muriatic  acid  is  present.  With  sulphurous  acid, 
it  forms  a  sulphate  of  the  protoxide. 

Chromic  acid  is  characterized  by  its  colour,  and  by  forming  colour- 
ed salts  with  alkaline  bases.  The  most  important  of  these  salts  is  the 
chromate  of  lead,  which  is  found  native  in  small  quantity,  and  is  easi- 
ly prepared  by  mixing  chromate  of  potassa  with  a  soluble  salt  of  lead. 
It  IS  of  a  rich  yellow  colour,  and  is  employed  in  the  arts  of  paidtinc 
and  dyeing  to  great  extent. 

When  sulphurous  acid  gas  is  transmitted  into  a  solution  of  chromate 

or  bichromate  of  potassa,  a  brown  precipitate  subsides,  which  was 

long  regarded  as  a  distinct  oxide  of  chromium ;  but  Dr  Thomson,  In 

toe  essay  above  cited,  has  pioved  \.\\?lI  vt.  la  the  green  oxide  combined 

with  a  lliWe  chromic  acid.    TYxe  clgi^  m%^  m  "^  ^^a\  m«uHQs&  be 
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ray  by  means  of  water,  and  by  ammonia  it  is  entirely  re- 
rhe  best  mode  of  separating  it,  is  to  dissolve  tlie  browo 
:h  muriatic  acid,  and  then  precipitate  the  green  oxide  by 

omie  Acid  Gas, — When  a  mixture  of  fluor  spar  and  chro- 
eul  is  distilled  with  fuming  or  even  common  sulphuric  acid 
I  retort,  a  red  coloured  gas  is  disengaged.  This  gas  acts 
Dn  glass,  with  deposition  of  chromic  acid  and  formation  of 
acid  gas.  It  is  absorbed  by  water,  and  the  solution  is  found 
a  mixture  of  hydrofluoric  and  chromic  acids.  The  watery 
the  atmosphere  effects  its  decomposition,  so  that  when  mix- 
ir,  red  fumes  appear,  owing  to  the  separation  of  minute 
chromic  acid.  This  gas  may  be  regarded  as  a  compound 
iiorine  and  chromium,  or  of  hydrofluoric  and  chromic  acids ; 
the  circumstance  of  its  being  decomposed  so  readily  by 
he  first  view  is  the  more  probable. 

hromic  Acid  Ocu, — This  compound  is  formed  by  the  action 
sulphuric  acid  on  a  mixture  of  chromate  of  lead  and  chlo- 
lium.  It  is  a  red  coloured  gas  which  may  be  collected  in 
Is  over  mercury.  It  is  decomposed  instantly  by  water,  and 
ution  of  muriatic  and  chromic  acids.  It  may  be  regarded 
compound  of  muriatic  and  chromic  acids,  or  of  chlorine 
ium. 

ises  were  discovered  in  the  year  1825  by  M.  Unverdorben. 
b  Journal  of  Science,  No.  vii.  129.) 
Dsoo,  in  the  essay  already  referred  to,  has  described  a  red 
)ui4.under  the  name  of  chlorochromic  acid,  which  he  ob- . 
be  action  of  concentrated  sulphuric  acid  on  a  mixture  of 
nate  of  potassa  and  sea-salt.  It  obviously  contains  chro- 
id  chlorine ;  but  its  exact  nature  has  not  been  satisfactorily 
,  and  I  apprehend,  from  Dr  Thomson's  deBcription,  Uiat  it  iv 
Ite  compound. 

Molybdenum. 

le  native  sulphuret  of  molybdenum,  in  fine  powder,  is  di- 
litro-muriatic  acid  until  the  ore  is  completely  decomposed, 
»sidue  is  briskly  heated  in  order  to  expel  sulphuric  acid, 
tcid  remains  in  the  form  of  a  white  heavy  powder.  From 
netallic  molybdenum  may  be  obtained  by  exposing  it  with 
>  the  strongest  heat  of  a  smith's  forge  ;  or  by  conducting 
urrent  of  hydrogen  gas,  while  strongly  heated  in  a  tube  of 
(Berzelius.) 

snum  is  a  brittle  metal,  very  infusible,  and  of  a  white  colour, 
erto  been  procured  in  small  quantities  only,  and  its  proper- 
own  imperfectly.  When  heated  in  open  vessels,  it  absorbs 
id  is  converted  into  molybdic  acid;  and  the  same  com- 
;enerated  by  the  action  of  chlorine  or  nitro-muriatic  acid, 
e  degrees  of  oxidation,  forming  two  oxides  and  one  acid. 
)dic  acid,  according  to  Bucholz,  is  composed  of  48  parts  of 
mi  and  24  parts  of  oxygen ;  and,  consequently,  on  the  sup- 
at  this  acid  contains  three  atoms  of  oxygen,  48  is  the  atomic 
the  metal  itself. 

ic  acid  is  a  white  powder,  of  specific  gravity  8.4.    It  h  as  a 
Uiic  taste,  reddens  litmus  paper,  and  forms  salts  with  alkftr 
It  is  very  sparingly  soluble  in  water  *,  WV  \^i'ft  iao\^\i^^V»^ 
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of  potafsa,  soda,  and  ammoaia,  dissolve  in  that  fluid,  and  the  molyb* 
die  acid  is  precipitated  from  the  solutions  by  any  of  the  strong  acids. 

Berzelius  has  lately  described  the  two  oxides  of  moiybdenoo. 
(Edinburgh  Journal  of  Science,  No.  vii.  133.)  The  protoxide  iabhA, 
and  consists  of  one  equivalent  of  oxygen  and  one  equivalent  of  mo- 
lybdenum. The  deutozide  is  brown,  and  contains  twice  as  much  ox- 
ygen as  the  protoxide.  They  both  form  salts  with  acids.  BerzeKui 
states  that  the  blue  molffbdous  acid  of  Bucholz,  is  a  bimolybdate  of 
the  deutoxide  of  molybdenum. 

Betzelius  has  likewise  succeeded  in  forming  three  ehJoridei  of  mo- 
lybdenum, the  composition  of  which  is  analogous  to  the  componodi 
of  this  metal  with  oxygen. 

The  native  iulphuret  of  molybdenum,  according  to  the  analysis  of 
Bucholz,  is  composed  of  4S  parts  or  one  equivalent  of  molybdenma, 
and  32  parts  or  two  equivalents  of  sulphur.  Berzelius  has  lately  dis- 
covered another  sulphuret,  of  a  ruby-red  colour,  transparent,  and 
ct>'stallized.  It  is  proportional  to  the  molybdic  acid;  that  is,  cofi- 
tains  three  equivalents  of  sulphur  to  one  equivalent  of  the  metal. 

Tungsten, 

Tungsten  may  be  procured  in  the  metallic  state  by  exposing  taogslie 
acid  to  the  action  of  charcoal  or  dry  hydrogen  gas  at  a  red  neat;  but 
though  the  reduction  is  easily  effected,  an  exceedingly  intense  tem- 
perature is  required  for  fusing  the  metal.  Tungsten  has  a  grayi^ 
white  colour,  and  considerable  lustre.  It  is  brittle,  nearly  as  bard 
as  sioel,  and  less  fusible  than  manganese.  Its  specific  gravity  is  near 
17.4.  When  heated  to  redness  in  the  open  air,  it  takes  fire,  and  ii 
converted  into  tungstic  acid;  and  it  undergoes  the  same  change  by 
the  action  of  nitric  acid.  Digested  with  a  concentrated  solution  of 
pxire  poidssa,  it  is  dissolved  with  Uiseugagoment  of  hydrogen  gas,  and 
tuns:3tate  of  potassa  is  generated. 

Chemists  arc  acquainted  with  two  compounds  of  this  metal  and 
oxygen,  uaniely,  the  dark  brown  oxide,  and  the  yellow  add  rf 
tungsten  ;  and  according  to  the  analyses  of  Berzelius,  (An.  de  Ch. 
et  de  Ph.  vol.  xvii.)  the  oxygen  of  the  former  is  to  that  of  the  latter 
in  the  ratio  of  two  to  three.  It  is  hence  inferred,  that  the  real  pro- 
toxide of  tungsten  is  yet  unknown,  and  that  tungstic  acid  contains 
three  atoms  of  oxygen  to  one  atom  of  the  metal.  Now,  Bucholz  as- 
certAincd  that  this  acid  consists  of  96  parts  of  tungsten  and  24  parts 
of  oxygen,  and  consequently  96  is  the  atomic  weight  of  tungsten, 
and  120  the  equivalent  of  its  acid.  The  brown  oxide  is  composed  df 
96  parts  or  one  equivalent  of  metal,  and  16  parts  or  two  equivalent! 
of  oxygen. 

A  convenient  method  of  preparing  tungstic  acid  is  by  digesting  (be 
native  tungstate  of  lime,  very  finely  levigated,  in  nitric  acid  ;  by  which 
means  the  nitrate  of  lime  is  formed,  and  the  tungstic  acid  separatedin 
the  form  of  a  yellow  powder.  Long  digestion  is  required  before  all 
the  lime  is  removed  ;  but  the  process  is  facilitated  by  acting  upon  the 
mineral  alternately  by  nitric  acid  and  ammonia.  The  tungstic  acid  is 
dissolved  readily  by  that  alkali,  and  may  be  obtained  in  a  separate 
state  by  heating  the  tungstate  of  ammonia  to  redness.  Tungstic  add 
may  also  be  prepared  by  the  action  of  muriatic  acid  on  wolfram^  the 
native  tungstate  of  iron  and  manganese.  It  is  also  obtained  byheat- 
'°S,       ^\own  oxide  to  redness  in  open  vessels. 

Tungstic  acid  is  of  a'jeWow  coVow^  is  insoluble  in  water,  and  has 
no  action  on  litmus  paper.    V^VWi  ^YisAXvaa  \i^^%,\\.l^\ma  aalts  called 
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tes,  which  are  decomposed  by  the  stronger  acids,  (he  tungstic 
reneral  falling  combined  with  the  acid  by  which  it  is  precipi- 
tVlien  strongly  heated  in  open  yessels,Jt  acquires  a  green  co- 
i  becomes  Blue  when  exposed  to  the  action  of  hydrogen  gas 
peratnre  of  500°  or  600°  F.  The  blue  compound,  according 
ilius,  is  a  tungstate  of  the  oxide  of  tungsten  ;  and  the  green 
i  probably  produced  by  an  admixture  of  this  compound  with 
ow  acid. 

>xide  of  tungsten  is  formed  by  the  action  of  hydrogen  gas  on 
:  acid  at  a  low  red  heat ;  but  the  best  mode  of  procuring  it  both 
rd  in  quantity,  is  that  recommended  by  Wbhier.  (Quarterly 
of  Scfence,  xx.  177.)  This  process  consists  in  mixing  wolf- 
ine  powder  with  twice  its  weight  of  carbonate  of  potassa,  and 
ie  mixture  in  a  platinum  crucible.  The  resulting  tungstate  of 
is  dissolved  in  hot  water,  mixed  with  about  half  its  weight  of 

of  ammonia  in  solution,  evaporated  to  dryness,  and  exposed  in 
Ian  crucible  to  a  red  heat.  The  mass  is  well  washed  with 
water,  and  the  insoluble  matter  digested  in  dilute  potassa  to 

any  tungstic  acid.    The  residue  is  oxide  of  tungsten.    It 

that  in  this  process  the  tungstate  of  potassa  and  muriate  of 
a  mutually  decompose  each   other,  so  that  the  dry  mass 

of  chloride  of  potassium  and  tungstate  of  ammonia.  The 
8  of  the  latter  react  on  each  other  at  a  red  heat,  giving  rise  to 
litrogen  gas,  and  oxide  of  tungsten ;  and  this  compound  is 
d  from  oxidation  by  the  fused  chloride  of  potassium  with 
t  is  enveloped.  This  oxide  is  also  formed  by  putting  tungstic  . 
contact  with  zinc  in  dilute  muriatic  acid.  The  tungstic  acid 
:omes  blue  and  then  assumes  a  copper  colour ;  but  the  oxide 
itate  can  with  difficulty  be  preserved,  as  by  exposure  to  the 
.  even  under  the  surface  of  water,  it  absorbs  oxygen,  and  is 
rted  into  tungstic  acid. 

i  of  tungsten,  when  prepared  by  means  of  hydrogen  gas  has  a 
!oIour,  and  when  polished  acquires  the  colour  of  copper  ;  but 
ocored  by  Wohler's  process,  it  is  nearly  black.    It  does  not 

0  far  as  is  known,  with  acids ;    and  when  heated  to  near 
it  takes  fire  and  yields  tungstic  acid. 

ides  of  Tungsten. — According  to  Wohler,  tungsten  and  chlo- 
te  in  three  proportions.  The  perchloride  is  generated  by 
(he  oxide  of  tungsten  in  chlorine  gas.  The  action  is  attended 
)  appearance  of  combustion,  dense  fumes  arise,  and  a  thick 
te  is  obtained  in  the  form  of  white  scales,  like  native  boracle 
t  is  volatile  at  a  low  temperature  without  previous  fusion.  It 
rted  by  the  action  of  water  into  tungstic  and  muriatic  acids, 
It,  therefore,  in  composition,  be  proportional  to  tungstic  acid  ; 
it  consists  of  96  parts  or  one  equivalent  of  tungsten,  and  lOS 
three  equivalents  of  chlorine. 

1  metallic  tungsten  is  heated  in  chlorine  gas,  it  takes  fire,  and 
be  deutochloride.  The  compound  appears  in  the  form  of 
fine  needles,  of  a  deep  red  colour  resembling  wool,  but  more 
ly  as  a  deep  red  fused  mass,  which  has  the  brilliant  fracture 
bw.  When  heated,  it  fuses,  boils,  and  yields  a  red  vapour. 
T,  it  is  changed  into  muriatic  acid  and  oxide  of  tungsten.  It 
ly  dissolved  by  solution  of  pure  potassa,  with  disengagement 
gen  gas,  yielding  muriate  and  tungstate  of  potassa.  A  similar 
is  produced  by  ammonia,  except  that  some  oxide  of  \>ii\^\ft\i 
idissolved. 

ter  cbJorltie  ba8  been  described  by  Wbblei.    It  \a  ^otki^^  ^V. 
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j'  :\        •'. :  rr.  -.:. !.    Tho  i.'\\Z''T\  in  these  componn( 

:  -  ■    ■' :    •:. '-  'i.:-  f-xpi^iifr.or.t?  ot  Herzcliiis  lead  to  ihi 

*  •■    ■''  ■■'.'.'  *  ■'•-•  '•   l"^'' P-^riH  o:   one  equivalent 
ir ..:  :    .s.'i  1-j  |-.r:4  or  ivro  eqijjvalcnt?  of  oxj'gcn,  a 
r.:.2  V  .  .:'.s'.':i.:  of  '.he  met.il  to  three  of  oxygen.     B»i 
;  -p:.-    Ti  -.:  the  at;il  is  not  known  with  such  certain 
li  e-i'.i-  ;i-:i  ihe  accuracy  of  this  opinion. 

Ti.e  oxi!e  of  coIuniMinn  is  generated  by  placing  col 
crucillie  linod  with  charco.il,  lutinoj  carefully  to  exclu 
air,  jnd  e.vposini  it  for  an  hour  and  a  half  to  intense  h 
where  in  direct  cowUcl  ^\v\\  cUaccoal^  is  entirely  re 
^Im  of  meta\  is  very  \.\\\\\.    T\\o.  XwV^tuQt  ^^xW^w-a  "»<!: 

*  '*k»gray  co\o\it,  very  \\AX(i  ^tv<\  toVtx^tvV.    NSV^w  \« 
'^our  is  datk  broww.    \V.  \ft  ^^^.  ^VV-a.O^^t^  \i^ 

Hydrofluoric  ac'iA;  \>ul\V\*  to\iNfc\V«i^"vii\o  ^ 
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km  with  hydrate  of  potaata,  or  deflagration  with  nitre.  When 
I  to  low  redness,  it  talces  fire,  and  glows,  yielding  a  light  gray 
ir;  but  in  this  way  it  is  never  completely  oxidteed.  Berzelioa 
that  this  oxide,  in  union  with  protoxide  of  iron  and  a  little 
Ide  of  manganese,  occurs  at  Eimito  in  Finland,  and  may  be 
[uished  from  the  other  ores  of  columbium  by  yielding  a  chesnut* 
powder. 

imbium  exists  in  most  of  its  ores  as  an  acid,  united  either  with 
Lides  of  iron  and  manganese,  as  in  tantalite,  or  with  the  earth 
as  in  the  yttro-tantalite.  This  acid  is  obtained  by  fusing  its  ore 
hree  or  four  times  its  weight  of  carbonate  of  potassa,  when  a 
3  columbate  of  that  alkali  results,  from  which  columbic  acid  is 
itated  as  a  white  hydrate  by  acids.  Berzelius  also  prepares  it 
ion  with  bisulphate  of  potassa. 

hydrated  columbic  acid  is  tasteless,  and  insoluble  in  water ;  but 
placed  on  moistened  litmus  paper,  it  communicates  a  red  tinge* 
issolved  by  the  sulphuric,  muriatic,  and  some  vegetable  acids ; 
does  not  diminish  their  acidity,  or  appear  to  form  definite  com- 
s  with  them.  With  alkalies  it  unites  readily ;  and  though  it 
ot  neutralize  their  properties  completely,  crystallized  salts  may 
:ained  by  evaporation.  When  the  hydrated  acid  is  heated  to 
I,  water  is  expelled,  and  the  anhydrous  columbic  acid  remains* 
state  it  is  attacked  by  alkalies  only. 

nide  of  Columbium. — When  columbium  is  heated  In  chlorine 
takes  fire  and  bums  actively,  yielding  a  yellow  vapour,  which 
ises  in  the  cold  parts  of  the  apparatus  in  the  form  of  a  white 
r  with  a  tint  of  yellow.  Its  texture  is  not  in  the  least  crystalline. 
itact  with  water,  it  is  converted,  with  a  hissing  noise  and  in* 
of  temperature,  into  columbic  and  muriatic  acids. 
fhuret  of  Cotumbium.-^This  compound,  first  prepared  bv  Rose, 
nrated,  with  the  phenomena  of  combustion,  when  colunibiumis 
to  commencing  redness  in  the  vapour  of  sulphur;  or  by  trans** 
I  the  vapour  of  sulphuret  of  carbon  over  columbic  acid  in  a 
lin  tube  at  a  white  heat,  carbonic  oxide  being  also  evelved. 
eliue  has  also  described  a  compound  of  columbium  and  fluorine. 
Iier  compounds  of  columbium  have  been  scarcely  or  not  at  all 
led. 


SECTION  XVII. 
jij\rTiMOJvr. 

mony  sometimes  occurs  native ;  but  its  only  ore  which  is  abon* 
ind  from  which  the  antimony  of  commerce  is  derived,  is  the 
ret.  This  sulphuret  was  long  regarded  as  the  metal  itself,  and 
lUed  antimony,  or  crude  antimony  ;  while  the  pure  metal  was 
I  the  regUlua  of  antimony. 

mllie  antimony  may  be  obtained  either  by  heating  the  native 
iret  In  a  covered  crucible  with  half  its  weight  of  iron  filings;  or 
sing  It  with  two-thirds  of  its  weight  of  cream  of  tartar  and  one- 
>f  nitre,  and  throwing  the  mixture,  in  small  successive  porUofifl% 
ied»hot  crucible.    By  the  first  process,  the  su\pV\VLt  uciXVe%^VXi^ 
ipd  In  the  ^ecoad,  it  ia  expelled  io  the  loim  ot  ftuX^Y^ii^^ft  %kA\ 
JUd 
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white  the  filled  antimony,  which  io  both  etset  coHoeti  at  the  bottoa 
of  the  crucible,  may  l>e  drawn  off  and  received  in  moulds.  The  anti' 
mooy,  Uius  obtained,  it  not  abaolutelv  pure ;  and  therefore,  for  elieal- 
cal  purposef ,  should  be  procured  by  heating  the  oxide  with  an  equal 
weight  of  cream  of  tartar. 

Antimony  is  a  brittle  metal,  of  a  white  colour  running  into  bluidi' 
gray,  and  is  possessed  of  considerable  lustre.  Its  density  is  about  6.7. 
At  810°  F.  it  fuses ;  aod  when  slowly  cooled,  sometimes  crystallocf 
in  octahedral  or  dodecahedral  crystals.  Its  structure  is  hi^y  b- 
mellated.  It  has  the  character  of  being  a  volatile  metal ;  but  Tbemrd 
found  that  it  bears  an  intense  white  heat  without  subliming,  profided 
atmospheric  air  be  perfectly  excluded,  and  no  gaseous  matters,  such 
as  carbonic  acid  or  watery  vapour,  be  disengaged  during  the  procssi. 
Its  surface  tarnishes  by  exposure  to  the  atmosphere ;  and  by  the  con- 
tinued action  of  air  and  moisture,  a  dark  matter  is  formed  which  Bee 
zelius  regards  as  a  definite  compound.  It  appears,  however,  to  be 
merely  a  mixture  of  the  real  protoxide  and  metallic  antimony.  Heat- 
ed to  a  white  or  even  full  red  heat  in  a  covered  crucible,  and  theo 
suddenly  exposed  to  the  air,  it  inflames,  and  bums  with  a  white  light. 

During  the  combustion  a  white  vapour  rises,  which  condenses  on 
cool  surfaces,  frequently  in  the  form  of  small  shining  needles  of 
silvery  whiteness.  These  crystals  were  formerly  called  argentine 
flowert  of  antimony  t  and  in  chemical  works  are  generally  described 
as  the  deutoxide  of  antimony ;  but  according  to  Berzelios  they  area 
protoxide,  an  opinion  which  I  believe  to  be  correct. 

The  chemists  who  have  paid  most  attention  to  the  oxides  of  anti- 
mony are  Thenard*,  Proustf,  Beraelius^,  and  Thomson^.  The 
former  maintained  the  existence  of  six,  the  second  of  two,  the  third 
of  four,  and  the  last  of  three  oxides  of  antimony.  The  opinioD  of  Dr 
Thomsoh  is  now  admitted  by  most  chemists  ;  and  there  is  reason 
to  believe  that  the  proportions  which  he  has  assigned  to  these  oxides 
are  very  near  the  truth. 

Antimony.  Oxygen, 

Protoxide        .        44   or  one  equivalent,  8  b  52 

Deutoxide       .44          ...  12  ss  56 

Peroxide         .44          ...  16  =  60 

Protoxide. — When  the  muriate  of  the  protoxide  of  antimony,  made 
by  boiling  the  sulphuret  In  muriatic  acid,  (page  243)  is  poured  ioto 
water,  a  white  curdy  precipitate,  formerly  called  powder  ofAlgarolK 
subsides,  which  is  a  submuriate  of  the  protoxide  ||.  On  digesting  tbiJ 
salt  in  a  solution  of  carbonate  of  potassa,  and  then  edulcorating  it  with 
water,  the  protoxide  is  obtained  in  a  state  of  purity.  It  may  also  be 
procured  directly,  by  adding  the  carbonate  of  potassa  to  a  solution  of 

*  An.  de  Chimie,  vol.  xxxii.  f  Journal  de  Physique,  vol.  W. 

An.  de  Chimie,  vol.  Ixxxiil;  and  An.  de  Ch.  et  de  Ph.  vol.  iviL 

First  Principles,  vol.  ii. 

As  there  is  no  instance  known  of  an  insoluble  muriate,  it  is  not 
probable  that  the  po^er  of  Algarotb  is  a  submuriate  of  the  protoxide 
of  antimony.  Dr  Duncan  suggests  that  this  preparation  is  probably 
Dr  Thomson's  dichloride  of  antimony,  consisting  of  one  equivalent 
of  chlorine  and  two  equivalents  of  antimony  ;  but  this  is  not  likely,  as 
Dr  Thomson  states  that  the  dichloride  is  partially  soluble  in  water. 
Upon  the  whole,  it  seems  most  probable,  that  the  powder  of  Algarotb 
is  essentially  the  protoxide  ol  aLiiV\nio\!k^  merely  contaminated  with  a 
unadi  portion  of  muriatic  acid.    ^. 
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emedc.  It  is  also  generated  during  the  eombaition  of  metalMe 
ony ;  but,  as  thus  formed,  I  apprehend  it  is  not  quite  pure, 
toxide  of  antimony,  when  prepared  in  the  moist  way,  is  a  white 
sr  with  a  somewhat  dirty  appearance.  When  heated  it  acquires 
»w  tint,  and  at  a  dull  red  heat  in  close  vessels  it  is  fused,  yield- 
fellow  fluid,  which  becomes  an  opake  grayish  crystalline  mass 
>ling.  It  is  very  volatile,  and  if  protected  from  atmospheric  air 
»e  sublimed  completely  without  change.  When  heated  in  open 
IS,  it  absorbs  oxygen ;  and  when  the  temperature  is  suddenly 
,  and  the  oxide  is  porous,  it  takes  fire  and  bums.  It  both  cases 
eu toxide  is  generated.    It  is  the  only  oxide  of  antimony  whidi 

re^Iar  salts  with  acids,  and  is  the  base  of  the  medicinal  pre- 
on  tartar  emetic,  the  tartrate  of  antimony  and  potassa.  Most 
salts,  however,  are  either  insoluble  in  water,  or,  like  the  muriate 
imony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  fluid 
e  acid  being  greater  than  that  of  the  acid  for  the  oxide  of  anU- 
.  This  oxide  is  therefore  a  feeble  base ;  and,  indeed,  possesses 
>roperty  of  uniting  with  alkalies.  To  the  foregoing  remark, 
per,  the  tartrate  of  antimony  and  potassa  is  an  exception ;  for  it 
fea  readily  in  water  without  change.  By  excess  of  tartaric 
iriatic  acid,  the  insoluble  salts  of  antimony  may  be  rendered 
e  in  water. 
\  presence  of  antimony  in  solution  is  easily  detected  by  sulphu- 

hydrogen.  This  gas  occasions  an  orange- coloured  precipitate, 
rdrated  protosulphuret  of  antimony,  which  is  soluble  in  pure  pot- 
and  is  aissolved  with  disengagement  of  sulphuretted  hydrogen 
Y  hot  muriatic  acid,  forming  a  solution  from  which  the  white 
iriate  is  precipitated  by  water*. 

Moxide,  When  metallic  antimony  lo  ^Sp»^»^  in  birA.^  nU^rK; 
the  metal  is  oxidtsed  at  the  expense  of  the  "acid,  and  a  white 
te  of  the  peroxide  is  formed ;  and  on  exposing  this  substance  to 
heat,  it  gives  out  water  and  oxygen  gas,  and  is  converted  into 
sotoxide.  It  is  also  generated  when  the  protoxide  is  exposed  to 
n  open  vessels.  Thus,  on  heating  sulphuret  of  antimony  with 
xposure  to  the  air,  sulphurous  acid  and  protoxide  of  antimony 
inerated ;  but  on  continuing  the  roasting  until  all  the  sulphur  is 
d,  the  protoxide  gradually  absorbs  oxygen  and  passes  into  the 
xide.  Hence  this  oxide  is  formed  in  the  process  for  preparing 
Uhis  antimonialis  of  the  pharmacopcsla. 
B  deutoxide  of  antimony  is  white,  infusible,  and  fixed  in  the  fire, 
iharacters  by  which  it  is  readily  distinguished  from  the  protoxide, 
nsoluble  in  water,  and  likewise  In  acids  after  being  heated  to  red- 
It  combines  with  alkalies,  and  for  this  reason  it  has  been  called 
tortious  add,  and  its  salts  antimonites,  by  Berzelius.  The  an- 
lious  acid  is  precipitated  from  these  salts  by  acids  as  a  hydrate, 
1  reddens  litmus  paper,  and  is  dissolved  by  muriatic  and  tartaric 
,  though  without  appearing  to  form  with  them  definite  cora- 
ls. 

e  peroxide  of  antimony,  or  antimonic  acid,  is  obtained  as  a  white 
te,  either  by  digesting  the  metal  in  strong  nitric  acid,  or  by  dis- 
ig  it  in  nitro- muriatic  acid,  concentrating  by  heat  to  expel  ex- 
>?  acid,  and  throwing  the  solution  into  water.  When  recently 
>itated  it  reddens  litmus  paper,  and  may  be  dissolved  in  water 


*or  an  account  of  the  means  of  detecting  an^mon'^Vck  Io\'lft^^^<^A« 
)e  purpose  ofjadielal  inquiry,  the  reader  ma^  coia^AV  Uk  «a«v*| 
tt  mtbject  io  the  Medieal  and  Suigioai  ]ouma\  lot  V^On « 


340  Afdimonj/. 


hf  mmoa  of  muriatic  or  tartaric  acidi.  It  does  not  eater  iali  Wi  w? 
coDl>inatioQ  with  acidi,  but  with  allcalies  fonna  nlti,  which  mdd  ^ 
mUmaniatei.  When  the  hydrated  peroxide  ii  eipoMd  Utla»|ilh 
ratura  of  500"*  or  600^  F.  the  water  is  evolTed,  and  the  piinpaia|l(|i 
of  a  yellow  colour  remains.  In  this  state  it  resists  the  actiMrfiifjk 
riatic  acid.  When  eiposed  to  a  red  heat,  it  parts  with  wygni 
converted  into  the  deutozide. 

Chloridet  of  Antimony.  When  antimony  in  powder  ii  (hnwi! 
ajar  of  chlorine  gas,  combustion  ensues,  and  the  protocblodderf 
timony  is  generated.  The  same  compound  may  be  fonntd  by  I 
lio|[  a  mizture  of  antimony  with  about  twice  and  a  half  itiwd^i 
corrosive  sublimate,  when  the  volatile  chloride  of  aotimoay 
over  into  the  recipient,  and  metallic  mercury  remaini  la  iIm 
At  common  temperatures  it  is  a  soft  solid,  thence  called  6iiliirrf 
timony t  which  is  liquefied  by  gentle  heat,  and  crystaliiiei«HAll 
ing.  It  deliquesces  on  exposure  to  the  air ;  and  wbea  oaiai All 
water,  is  converted  into  muriatic  acid  and  protoxide  of  antinM^  Iw 
a  large  quantity  of  water  is  employed,  the  whole  of  the  oxidsHWll' 
as  the  submuriate.  ^^|j 

The  bichloride  is  generated  by  passing  dry  chlorine  gnuiii Ml |i 
metallic  antimony.  It  is  a  transparent  volatile  liquid,  whidb 
fumes  on  exposuie  to  the  air.  Mixed  with  water,  it  is  cooveitaiMl 
muriatic  acid  and  the  hydrated  peroxide,  which  subsidei.  ItcNtki 
twice  as  much  chlorine  as  the  protochloride,  or  iscompottdrfM 
equivalent  of  antimony,  and  two  equivalents  of  chlorine.  (BmI 
the  Annals  of  Philoitophy,  N.  S.  vol.  z.) 

Dr  Thomson,  in  hin  *•  rir*i  riinciples,"  has  described  another  oil' 
ride  of  antimony,  composed  of  one  equivalent  of  chlorine  and  tfl 
equivalents  of  tliu  luutal.     it  is,  therefore,  a  dichloride. 

ssutpnuitis  of  Jtntimony.  The  native  sulphuret  of  antimony na 
a  lead-^ray  colour,  and  though  generally  compact,  sometimes  occunil 
acicular  crystals,  or  in  rhombic  prisms.  When  heated  in  close  veisdit 
it  enters  into  fusion  without  umiergoing  any  other  change.  BoWcd'l 
hot  muriatic  acid,  it  is  dissolved  with  disengagement  of  sulphureUedhj' 
drogcn.  The  experiments  of  Beizelius,  Dr  Davy,  and  ThomsoD,\eiv 
no  doubt  of  its  being  analogous  in  composition  to  the  protoxide o{a 
timony,  that  is,  consisting  of  one  equivalent  of  each  of  its  eleineti 
It  may  be  formed  artificially  by  fusing  together  antimony  and  sulphi 
or  by  transmitting  a  current  of  sulphuretted  hydrogen  gas  throo^ 
solution  of  tartar  emetic.  The  orange  precipitate,  which  subsidei 
the  last  mentioned  process,  is  commonly  regarded  as  the  hydioi 
phuret  of  the  oxide  of  antimony.  In  my  opinion  it  is  a  hydrated 
phuret  of  the  metal;  for  when  well  washed  and  treated  by  sulpb 
acid,  it  does  not  yield  a  trace  of  sulphuretted  hydrogen. 

When  sulphuret  of  antimony  is  boiled  in  a  solution  of  potan 
liquid  is  obtained,  from  which,  as  it  cools,  an  orange- coloured  ma 
called  Kermes  mineral,  is  deposited ;  and  on  subsequently  neutrali 
the  cold  solution  with  an  acid,  an  additional  quantity  of  a  similar 
stance,  the  golden  sulphuret  of  the  pharmacopceia,  subsides. 
these  compounds,  thus  procured,  are  essentially  the  same  as  tbi 
drated  sulphuret  above  described.  The  action  of  the  alkali  on 
Mil^uret  of  antimony  admits  of  a  two- fold  explanation.     It  is  pu 

*  >he  latter  may  be  dissolved  directly  by  the  former,  and  that 
^•■ortled  wneik  1V\«  ^\>l^\\  \%  \i«>\Vn\vL!&d..    it  la  more  prob 
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^Bc^nivalent  of  sulphuretted  hydrogen.    On  nentnJizIng  the  pota 
t  an  acid,  sulphuretted  hydrogen  and  the  protoxide  are  set  at  Uberty, 
by  mutual  reaction  of  their  elements  are  reconverted  into  water 
^rotosulphuret  of  antimony. 

^    setquiaulphuret  is  formed,  according  to  M.  Rose,  by  trans- 

f;  sulphuretted  hydrogen  gas  through  a  solution  of  the  deutoxide 
Exxony  in  dilute  muriatic  acid.  (Annals  of  Philosophy,  N.  S. 


.ose  formed  the  bisulphuret,  consisting  of  one  equivalent  of 
'Oxxy  and  two  equivalents  of  sulphur,  by  the  action  of  sulphnret- 
Irogen  on  a  solution  of  the  peroxide.  The  golden  sulphuret, 
d  by  boiling  sulphuret  of  antimonyand  sulphur  in  solution  of 
L^^^ssi,  a  process  which  is  not  adopted  by  either  of  our  Colleges,  it 
^»alphuret  * 

^^^*  «ose  has  likewise  demonstrated  that  the  red  antimony  of 
•  ^^^x^a.logi8ts  (rothspiesglanzerz)  is  a  compound  of  one  equivalent 
p  *^^^  protoxide,  combined  with  two  equivalents  of  the  protosulphuret 
i»  ^^j^tixnony.  The  pharmaceutic  preparations  known  by  the  terms 
^2^**»««,  liver,  and  crocus  of  antimony,  are  of  a  similar  nature,  though 
^^^  definite  in  composition,  owio^  to  the  mode  by  which  they  are 
|j?7^^red.  They  are  made  by  roastmg  the  native  sulphuret,  so  as  to 
*£^  «\]lphurous  acid  and  oxide  of  antimony,  and  then  vitrifying  the 
>^~^^  together  with  the  undecomposed  ore,  by  means  of  a  strong  neat. 
1^^^  product  will  of  course  differ  according  as  more  or  less  of  the 
*Pl:xuret  escapes  oxidation  during  the  process. 


SECTION  XVIII. 

URJIJ^IUM.    CERIUM.    COABLT.    J>riCKEL. 

Uranium. 

Uranium  was  discovered  in  the  year  1789  by  Klaproth  in  a  mineral 
Saxony,  called  from  its  black  colour  pitchblende,  which  consists 
>f  the  protoxide  of  uranium  and  oxide  of  iron.    From  this  ore  the 
Xaiimium  may  be  conveniently  extracted  by  the  following  process.— 
^^Uter  heating  the  mineral  to  redness,  and  reducing  it  to  fine  powder,  it 
^  digested  in  pure  nitric  acid  diluted  with  three  or  four   parts  of 
Vater,  taking  the  precaution  tojemploy  a  larger  quantity  of  the  mineral 
than  Uie  nitric  acid  present  can  dissolve.    By  this  mode  of  operating, 
the  protoxide  is  converted  into  the  peroxide  of  uranium,  which  unites 
with  the  nitric  acid  almost  to  the  total  exclusion  of  the  iron.    A  cur* 
nnt  of  sulphuretted  hydrogen  gas  is  then  transmitted  through  the 
•olution,  in  order  to  separate  lead  and  copper,  the  sulphurets  of  which 
era  always  mixed  with  pitchblende.    The  solution  is  boiled  to  expel 
the  free  sulphuretted  hydrogen,  and,  after  being  concentrated  by 
areporation,  is  set  aside  to  crystallize.    The  nitrate  of  uraobu^a 
gredually  deposited  in  flattened  four-sided  prisms  of  a  beautifolM^^^ 
yellow  colotir.  tT 

The  properties  of  metallic  uranium  are  as  yet  knowtk  Van 
It  wa»  prepared  by  Arfwedson^  by  conducting  bydtof^^ti  fgi 
pttrtoMide  ofariaiiua  heated  in  a  glass  tube.    The  aubaVui^ 
Vd2 
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by  BMDt  of  muriatic  or  tartarie  acidi.  It  does  not  enter  into  definite 
combiDatioQ  with  acids,  but  with  allcalies  forma  aalts,  which  are  called 
mUimoniatei.  When  the  hydrated  peroxide  ia  exposed  to  a  tempe- 
rature  of  500°  or  600**  F.  the  water  is  evolved,  and  the  pure  peroiddt 
of  a  yellow  colour  remains.  In  this  state  it  resista  the  action  of  mu- 
riatic acid.  When  exposed  to  a  red  heat,  it  parts  with  oxygen,  and  ii 
converted  into  the  deutozide. 

Chlorides  of  Antimony.  When  antimony  in  powder  is  thrown  iate 
ajar  of  chlorine  gua,  combustion  ensues,  and  the  protochloride  of  aa- 
timony  is  generated.  The  same  compound  may  be  form^fd  by  diitS- 
ling  a  mixture  of  antimony  with  about  twice  and  a  half  its  weight  of 
corrosive  sublimate,  when  the  volatile  chloride  of  antimony  pasMi 
over  into  the  recipient,  and  metallic  mercury  remains  in  the  retoit 
At  common  temperatures  it  is  a  soft  solid,  thence  called  butter  of  aa* 
Hmony,  which  is  liquefied  by  gentle  heat,  and  crystallizes  on  eool^ 
ing.  It  deliquesces  on  exposure  to  the  air;  and  when  mixed wiik 
water,  is  converted  into  muriatic  acid  and  protoxide  of  antimooy.  If 
a  large  quantity  of  water  is  employed,  the  whole  of  the  oxide  sobsidM 
as  the  submuriate. 

The  bichloride  is  generated  by  passing  dry  chlorine  gas  over  heated 
metallic  antimony.  It  is  a  tran$<parent  volatile  liquid,  which  emits 
fumes  on  exposuie  to  the  air.  Mixed  with  water,  it  is  converted  into 
muriatic  acid  and  the  hydrated  peroxide,  which  aubrides.  It  contains 
twice  as  much  chlorine  as  the  protochloride,  or  is  composed  of  one 
equivalent  of  antimony,  and  two  equivalents  of  chlorine.  (Rose  in 
the  Annals  of  Philosophy,  N.  S.  vol.  x.) 

Dr  Thomson,  in  his  "  Fir«t  Principles,"  has  described  another  chlo- 
ride of  antimony,  composed  of  one  equivalent  of  cbloriue  and  two 
equivalents  of  the  metal.     It  is,  therefore,  a  dichloride. 

tfuipnuitis  of  Antimony.  The  native  sulphuret  of  antimony  is  of 
a  lead-gray  colour,  and  though  generally  compact,  sometimes  occurs  in 
acicular  crystals,  or  in  rhombic  prisms.  When  heated  in  close  vessels, 
it  enters  into  fusion  without  undergoing  any  other  change.  Boiled  in 
hot  muriatic  acid,  it  is  dissolved  with  disengagement  of  sulphuretted  hy- 
drogen. The  experiments  of  Berzelius,  Dr  Davy,  and  Thomson,  leave 
no  doubt  of  its  being  analogous  in  composition  to  the  protoxide  of  an- 
timony, that  is,  consisting  of  one  equivalent  of  each  of  its  elements. 
It  may  be  formed  artificially  by  fusing  together  antimony  and  sulphur, 
or  by  transmitting  a  current  of  sulphuretted  hydrogen  gas  through  a 
solution  of  tartar  emetic.  The  orange  precipitate,  which  subsides  in 
the  last  mentioned  process,  is  commonly  regarded  as  the  hydrosul- 
phuret  of  the  oxide  of  antimooy.  In  my  opinion  it  is  a  hydrated  sal* 
phuret  of  the  metal;  for  when  well  washed  and  treated  by  sulphuric 
acid,  it  does  not  yield  a  trace  of  sulphuretted  hydrogen. 

When  sulphuret  of  antimony  is  boiled  in  a  solution  of  potassa,  a 

liquid  is  obtained,  from  which,  as  it  cools,  an  orange- coloured  matter, 

called  Kermes  mineral,  is  deposited ;  and  on  subsequently  neutralizing 

the  cold  solution  with  an  acid,  an  additional  quantity  of  a  similar  sab< 

stance,  the  golden  sulphuret  of  the  pharmacopceia,  subsides.    Both 

these  compounds,  thus  procured,  are  essentially  the  same  as  the  hy« 

drated  sulphuret  above  described.    The  action  of  the  alkali  on  the 

sulphuret  of  antimony  admits  of  a  two- fold  explanation.     It  ia  possible 

that  the  latter  may  be  dissolved  directly  by  the  former,  and  that  it  if 

again  deposited  when  the  alkali  Is  neutralized.     It  is  more  probable, 

however,  that  the  elementti  of  water  aud  the  sulphuret  of  antiiiKNiy 

nact  00  one  another,  formmf;  avAvVvutetted  hydrogen  and  protoxide  ef 

JOtfiDony ;  and  that  l^e  \iqvi\d  coiA^uva  x^Q>>a^:\««t\X.^^<QjCK^Mftdof  one 

pqulv9\eui  of  polassa,  one  eq|a\^a\«iK\.  <A  ^«  v^^<»uAa  ^  vai^Btf)iH\>«i^ 
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one  eqniTaleDt  of  solphnretted  hydrogen.  On  neutralizing  tlie  potassa 
with  an  acid,  sulphuretted  hydrogen  and  the  protoxide  are  set  at  liberty, 
•nd  by  mutual  reaction  of  their  elements  are  reconverted  into  water 
■nd  protosulphuret  of  antimony. 

The  aetquiaulphuret  is  formed,  according  to  M.  Rose,  by  trans- 
mitting sulphuretted  hydrogen  gas  through  a  solution  of  the.deutoxide 
of  antimony  in  dilute  muriatic  acid.  (Annals  of  Philosophy,  N.  S. 

TOl.  X.) 

M.  Rose  foimed  the  bisulphuret,  consisting  of  one  equivalent  of 
antimony  and  two  equivalents  of  sulphur,  by  the  action  of  sulphuret- 
ted hydrogen  on  a  solution  of  the  peroxide.  The  golden  sulphuret, 
prepared  by  boiling  sulphuret  of  antimony'and  sulphur  in  solution  of 
potassa,  a  process  which  is  not  adopted  by  either  of  our  Colleges,  is 
a  bisulphuret. 

M.  Rose  has  likewise  demonstrated  that  the  red  antimony  of 
Bfineralogists  (rothspieaglanzerz)  is  a  compound  of  one  equivalent 
of  the  protoxide,  combined  with  two  equivalents  of  the  protosulphuret 
of  antimony.  The  pharmaceutic  preparations  known  by  the  terms 
of  glass,  liver,  and  crocus  of  antimony,  are  of  a  similar  nature,  though 
less  definite  in  composition,  owio^  to  the  mode  by  which  they  are 
prepared.  They  are  made  by  roasting  the  native  sulphuret,  so  as  to 
krm  sulphurous  acid  and  oxide  of  antimony,  and  then  vitrifying  the 
oxide  together  with  the  undecomposed  ore,  by  means  of  a  strong  heat. 
The  product  will  of  course  differ  according  as  more  or  less  of  the 
Milphuiet  escapes  oxidation  during  the  process. 


SECTION  XVIII. 

UBJLrriUM.    CERIUM.    COABLT,    J^TICKEL. 

Uranium. 

Uranium  was  discovered  in  the  year  1789  by  Klaproth  in  a  mineral 
If  Saxony*  called  from  its  black  colour  pitchblende,  which  consists 
it  the  protoxide  of  uranium  and  oxide  of  iron.  From  this  ore  die 
ir»ninm  may  be  conveniently  extracted  by  the  following  process. — 
lifter  lieating  the  mineral  to  redness,  and  reducing  it  to  fine  powder,  it 
•  digested  in  pure  nitric  acid  diluted  with  three  or  four  parts  of 
vater,  taking  the  precaution  tojemploy  a  larger  quantity  of  the  mineral 
fiyn  the  nitric  acid  present  can*  dissolve.  By  this  mode  of  operating, 
he  protoxide  is  converted  into  the  peroxide  of  uranium,  which  unites 
vitb  the  nitric  acid  almost  to  the  total  exclusion  of  the  iron.  A  cur- 
ent  of  sulphuretted  hydrogen  gas  is  then  transmitted  through  the 
olotion,  in  order  to  separate  lead  and  copper,  the  sulphurets  of  which 
m  always  mixed  with  pitchblende.  The  solution  is  boiled  to  expel 
he  fiee  sulphuretted  hydrogen,  and,  after  being  concentrated  by 
itaporation,  is  set  aside  to  crystallize.  The  nitrate  of  uranium  is 
gradually  deposited  in  flattened  four-sided  prisms  of  a  beautiful  lemon« 
pillow  colotv. 

The  properties  of  metallic  uranium  are  as  yet  known  imperfectly. 
[|  jf^^  prepared  by  Arfwedson,  by  conducting  hydiOf^^ti  ^^%  ^N«t  ^% 
MOloside  of  uriiiiuin  belted  ia  a  glass  tube.    The  aubaVMi^^  Ob\AaxGA^ 
Vd2 
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bf  thif  pfocew  was  mriunine,  of  a  metalttc  luatre,  and  of  a  reddlBli- 
blown  colour.  It  suffered  no  change  on  exporare  to  air  at  comnoii 
tanperatufes;  but  when  heated  in  open  vessels  absorbed  oxygen,  and 
was  reconverted  into  the  protoxide.  From  its  lustre^  it  was  inferred 
to  be  metaliic  uranium. 

Chemists  are  acquainted  with  two  compounds  of  uranium  and  oxy- 
feo,  the  composition  of  which  has  been  minutely  studied  by  Arfwed* 
■on*  and  Thomsonf*  According  to  the  chemist  last  mentioned, 
whose  experiments  are  the  most  recent,  the  equivalent  of  uraniam  if 
206»  and  its  oxides  are  composed  of 

Uranium.  Oxygen. 

Protoxide        .  20S  .  8  =s  216 

Peroxide         .  20S  .        16  s=  224 

According  to  the  analyses  of  Arfwedson,  216  is  the  atomic  weight 
of  uranium,  and  the  oxygen  in  its  two  oxides  is  in  the  ratio  of  1  to 
IJi;  and  Berzelius,  from  the  composition  of  three  salts  of  uraniam, 
has  arrived  at  a  similar  conclusion. 

Hie  protoxide  of  uranium  is  of  a  very  dark  green  colour,  and  is  obtained 
by  decomposing  the  nitrate  of  the  peroxide  by  heat.  It  is  ezeeedioglj 
infusible,  and  bears  any  temperature  hitherto  tried  witboaC  change. 
It  unites  with  acids,  forming  salts  of  a  green  colour.  It  is  readily 
oxidized  by  nitric  acid,  and  yields  a  yellow  solution  which  is  a  nitrate 
of  the  peroxide.  The  protoxide  is  employed  in  the  arts  for  giving  t 
black  colour  to  porcelain. 

The  peroxide  of  uranium  is  of  a  yellow  or  oiange  colour,  and  most 
of  its  salts  have  a  similar  tint.  It  not  only  combines  with  acids,  bat 
likewise  unites  with  alkaline  bases,  a  property  which  was  first  noticed 
by  Arfwedson.  It  is  precipitated  from  acids  as  a  yellow  hydrate  by 
pure  alkalies,  fixed  or  volatile ;  but  retains  a  portion  of  these  bases  in 
combination.  It  is  thrown  down  as  a  carbonate  by  the  carbooate  of 
soda  or  ammonia,  and  is  redissolved  by  an  excess  of  the  precipitant,  t 
circumstance  which  affords  an  easy  method  of  separating  uraoiumfroD 
iron.  It  is  not  precipitated  by  sulphuretted  hydrogen.  With  ferro* 
cyanate  of  potassa  it  gives  a  brownish-red  precipitate,  not  unlike  the 
ferrocyanate  of  the  peroxide  of  copper. 

The  peroxide  of  uranium  is  decomposed  by  a  strong  heat,  and  con* 
verted  into  the  protoxide.  From  its  affinity  for  alkalies,  it  is  difficult 
to  obtain  it  in  a  state  of  perfect  purity.  It  is  employed  in  the  vti 
for  giving  an  orange  colour  to  porcelain. 

Cerium. 

Cerium  was  discovered  in  the  year  1803  by  MM.  Hisinger  aad 
Berzelius,  in  a  rare  Swedish  mineral  known  by  the  name  of  cental 
and  its  existence  was  recognised  about  the  same  time  by  Klaprotb. 
Pr  Thomson  has  since  found  it  to  the  extent  of  thirty*four  per  ceot 
in  a  mineral  from  Greenland,  called  Mlanite,  in  honour  of  Mr  ADao, 
who  first  distinguished  It  as  a  distinct  species. 

The  properties  of  cerium  are  in  a  great  measure  unknown.  It  ap« 
pears  from  the  experience  of  Vauquelln,  who  obtained  it  in  minute 
buttons  not  larger  than  the  head  of  a  pin,  that  it  is  a  white  brittle 

•  Annals  of  Philosophy,  N.  S.  voU  vU, 
\  First  Pi\nc\^\ea^  nqV«  \iL% 
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■Mtaly  wliich  nfif to  the  action  of  nitrie,  1>at  is  ditsolved  by  nitro- 
BMirittJe  acid.  According  to  an  experiment  made  by  Mr  Children 
■nd  Dr  Tbooiaon,  metallic  cerium  is  volatile  in  very  intense  degreef 
of  heat  (Annals  of  Pbilosophy,  vol.  ii.) 

Oxide$  of  CerUuti, — Cerium  unites  with  oxygen  in  two  proportions, 
umI  the  composition  of  the  resulting  oxides  has  l>een  particularly 
todied  by  M.  Hiainger*.  Dr  Thomsonf  has  likewise  made  experi- 
oentB  on  the  subject,  and  infers  from  d«ita  furnished  partly  by  himself 
Old  partly  by  Bf.  Hisinger,  that  60  is  the  atomic  weight  of  cerium* 
ind  that  its  oxides  are  thus  constituted  :— 

Cerium.  Oxygen, 

Protoxide  .60  .  8    ==    68 

Deutoxide         .        60  .  12    =    62 

The  protoxide  of  cerium  is  a  white  powder,  which  is  insoluble  in 
prmter,  and  forms  salts  with  acids,  all  of  which,  if  soluble,  have  an 
icid  reaction.  Exposed  (o  the  air  at  common  temperatures  it  suffers 
no  change ;  but  if  heated  io^  Dpen  vessels,  it  absorbs  oxygen  and  is 
converted  into  the  peroxide.  It  is  precipitated  from  its  salts  as  a  white 
hydrate  by  pare  alkalies ;  as  a  white  carbonate  by  alkaline  carbonates, 
but  is  ledissolved  by  the  precipitant  in  excess;  and  as  a  white 
nulate  by  the  oxalate  of  ammonia. 

Tlie  peroxide  of  cerium  is  of  a  fawn-red  colour.  It  is  dissolved  by 
leveral  of  the  acids,  but  is  a  weaker  base  than  the  protoxide.  Digested 
in  muriatic  acid,  chlorine  is  disengaged  aod  a  protomuriate  results. 

The  most  convenient  method  of  extracting  pure  oxide  of  cerium 
firom  cerite  is  by  the  process  of  Laugier.  After  reducing  the  cerite 
lo  powder,  it  is  dissolved  in  nitro-muriatic  acid,  and  the  solution  is 
trapoiated  to  perfect  dryness.  The  soluble  parts  are  then  redissolved 
by  water,  and  an  excess  of  ammonia  is  added.  The  precipitate  thus 
formed,  consisting  of  the  oxides  of  iron  and  ceripm,  is  well  washed, 
ind  afterwards  digested  in  a  solution  of  oxalic  acid,  which  dissolves 
the  iron,  and  forms  an  insoluble  oxalate  with  the  cerium.  By  heating 
diis  oxalate  to  redness  in  an  open  fire,  the  acid  is  decomposed,  and 
tbejperoxide  of  cerium  is  obtained  in  a  pure  state. 

^Uphwret  of  Cerium. — Dr  Mosander  has  succeeded  in  forming 
this  compound  by  two  different  processes.  The  first  method  is  by 
transmitting  the  vapour  of  sulphuret  of  carbon  over  carbonate  of 
corinm  at  a  red  heat ;  and  the  second  is  by  fusing  oxide  of  cerium  at 
a  white  heat  with  a  large  excess  of  sulphuret  of  potassium  {hepat 
$ulph!Wri»)  and  afterwards  removing  the  soluble  parts  by  water.  The 
product  of  the  first  operation  is  porous,  light,  and  of  a  red  colour  like 
red  lead ;  and  that  of  the  second  is  in  small  brilliant  scales,  and  of  a 
yellow  colour,  like  aurum  munivum.  These  sulphurets,  though  difieiw 
ent  in  appearance,  are  similar  in  point  of  composition,  containing  26 
per  cent  of  sulphur.  They  are  insoluble  in  water,  but  are  dissolved 
m  acids  with  evolution  of"^  sulphuretted  hydrogen  gas,  without  any 
leddaum  of  sulphur.  (Philos.  Mag.  and  Annals,  i.  71.) 

CdbaU. 

This  metal  is  met  with  in  the  earth  chiefly  in  combination  with 
lisenic,  constituting  an  ore  from  which  all  the  cobalt  of  commerce  is 
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derived.  It  ie  a  conitant  ingredient  of  meteoric  iron  ;  at  least  ?!» 
fenor  Stromeyer  informs  me  that  he  has  analjrsed  several  Taiietia, 
In  every  one  of  which  he  has  detected  the  presence  of  cobalt. 

When  the  native  arseniuret  of  cobalt  is  broken  into  amaU  piecei, 
and  exposed  in  a  reverberatory  furnace  to  the  united  action  of  heat 
and  air,  its  elements  are  oxidized,  most  of  the  arsenious  acid  is  expeUed 
In  the  form  of  vapour,  and  an  impure  oxide  of  cobalt,  called  zoffn^ 
remains.  On  heatiof^  this  substance  with  a  mixture  of  sand  lod 
potassa,  a  beautiful  blue  coloured  glass  is  obtained,  which,  whea 
reduced  to  powder,  is  known  by  the  name  of  zmalt. 

Metallic  cobalt  may  be  obtained  by  dissolving  zafire  in  mariatie 
acid,  and  transmitting  through  the  solution  a  current  of  sulphuretted 
hydrogen  gas,  until  the  arsenious  acid  is  completely  separated  in  the 
form  of  sulphurct  of  arsenic.  The  filtered  liquid  is  then  boiled  with 
a  little  nitric  acid.  In  order  to  convert  the  protoxide  into  the  peroxide 
of  iron,  and  an  excess  of  the  carbonate  of  potassa  is  added.  Ute 
precipitate,  consisting  of  the  peroxide  of  iron  and  carbonate  of  cobalt, 
after  being  well  washed  with  water,  is  digested  in  a  solution  of  oxalic 
acid,  which  dissolves  the  iron  and  leaves  the  cobalt  in  the  form  of  an 
insoluble  oxalate.  (Laugier.)  On  heating  the  oxalate  of  cobaftioa 
retort  from  which  the  atmospheiic  air  is  excluded,  a  large  quantity  of 
carbonic  acid  is  evolved,  and  a  black  powder,  metallic  cobalt,  is  left 
(Thomson  in  Annals  of  Philosophy,  N.S.  i.)  The  poie  metal  is 
easily  procured  also  by  passing  a  current  of  dry  hydrogen  gas  over  the 
oxide  of  cobalt  heated  to  redness  in  a  tube  of  porcelain. 

Cobalt  is  a  brittle  metal,  of  a  reddish-gray  colour,  and  weak  metal- 
lic lustre.  Its  density  is  S.53S.  It  fuses  at  about  130"  of  Wedgwood, 
and  when  slowly  cooled  it  crystallizes.  It  is  attracted  by  the  mag- 
net, and  is  susceptible  ol  being  rendered  permanently  magneticTlt 
undergoes  little  change  in  the  air,  but  absorbs  oxygen  when  heated  ia 
open  vessels.  It  is  attacked  with  difficulty  by  sulphuric  or  moriatic 
acid,  but  is  readily  oxidized  by  means  of  nitric  acid. 

Oxides  of  Cobalt. — Chemists  are  acquainted  with  two  oxides  of 
cobalt.  According  to  the  experiments  of  Rothoff*,  the  protoxide  is 
composed  of  29.5  parts  of  cobalt  and  8  parts  of  oxygen,  so  that  the 
atomic  weii^ht  of  cobalt  is  29.5.  Dr  Thomson,  on  the  contrary,  infers 
from.his  analysis  of  the  sulphate  of  cobalt,  that  26  is  the  equivalent  of 
this  metal.  From  this  discordance  it  may  be  doubted  if  the  atoaiie 
weight  of  cobalt  is  known  with  certainty.  According  to  Rothoff,  the 
oxygen  contained  in  the  two  oxides  is  as  1  to  1.5. 

The  protoxide  is  of  an  ash-gray  colour,  and  is  the  basis  of  the  salts 
of  cobalt,  most  of  which  are  of  a  pink  hue.  When  heated  to  redness 
in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  the  peroxide. 
It  may  be  prepared  by  decomposing  carbonate  of  cobalt  by  heat  in  a 
vessel  from  which  the  atmospheric  air  is  excluded.  It  is  easily  re- 
cognised by  giving  a  blue  tint  to  borax  when  melted  with  it;  and  is 
employed  in  the  arts,  in  the  form  of  smalt,  for  communicating  a  simi- 
lar colour  to  glass,  earthenware,  and  porcelain. 

The  protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  potassa 
as  a  blue  hydrate,  which  absorbs  oxygen  from  the  air,  and  gradually 
becomes  black.  Pure  ammonia  likewise  causes  a  blue  precipiUte, 
Which  IS  redissolved  by  the  alkali  if  in  excess.  It  is  thrown  down  as 
a  pale  pink  carbonate  by  the  carbonate  of  potassa,  soda,  or  ammonia; 
Dui  an  excess  of  the  last  redissol ves  it  with  facility.     Sulphuretted  by- 
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liogen  produces  no  ehange,  uDless  the  solution  is  quite  neutral,  or  tho 
Dzide  is  combined  with  a  weak  acid.  All<aline  bydrosulphurets  always 
precipitate  it  as  the  blacic  sulphuret  of  cobalt. 

The  muriate  of  cobalt  is  celebrated  as  a  sympathetic  ink.  Whea 
IHuted  with  water  so  as  to  form  a  pale  pink  solution,  and  then  em- 
iloyed  as  ink,  the  letters,  which  are  invisible  in  the  cold,  become  blue 
f  sen tly  heated. 

T*he  peroxide  of  cobalt  is  of  a  black  colour,  and  is  easily  formed 
Tom  the  protoiide  in  the  way  already  mentioned.  It  does  not  unite 
pritb  acids  ;  and  when  digested  in  muriatic  acid,  the  protomuriate  of 
sobalt  is  generated  with  disengagement  of  chlorine.  When  strongly 
leaCed  io  close  vessels,  it  gives  off  oxygen,  and  is  converted  into  ue 
;»rotoxide. 

The  compounds  of  cobalt  with  the  other  non-metallic  bodies  have 
hitherto  been  little  examined. 

JVickeL 

Nickel  is  a  constituent  of  meteoric  iron.  It  occurs  likewise  in  the 
copper-coloured  mineral  of  Westphalia,  termed  copper-nickel^  a  native 
ftneniuret  of  nickel,  which,  in  addition  to  its  chief  constituents,  con- 
tains sulphur,  iron,  cobalt,  and  copper.  The  preparations  of  nickel 
may  either  be  made  from  this  mineral  or  from  the  artificial  arseuiuret 
called  »pei88,  a  metallurgic  production  obtained  in  forming  smalt  from 
the  roasted  ores  of  cobalt.  Various  processes  have  been  devised  for 
procuring  a  pure  salt  of  nickel,  but  the  following  appears  to  me  as 
simple  and  perhaps  as  successful  as  any.  After  reducing  speiss  to  fine 
powder,  it  is  digested  in  sulphuric  acid,  to  which  a  fourth  part  of  nitric 
acid  is  added ;  and  when  the  solutioa  is  saturated  with  niclcel,  it  is  set 
airide  for  several  hours  in  order  that  arseniaus  acid  may  separate,  and 
tlien  filtered.  The  clear  liquid  is  subsequently  mixed  with  a  solution 
of  sulphate  of  potassa,  and  set  a»ide  to  crystallize  spontaneously ; 
wlien  a  double  salt,  the  sulphate  of  nickel  and  potassa,  is  deposited. 
Pr  Thomson,  who  proposed  this  process,  states  that  the  crystals  thus 
obtained  are  quite  free  from  arsenic  and  iron,  and  contain  no  impuri- 
ties except  copper  and  cobalt.  The  former  is  easily  precipitated  as 
•olphuret  by  a  current  of  sulphuretted  hydrogen  gas,  a  little  free  sul* 
pliuric  acid  l>eing  previously  added ;  and  at  the  same  time  any  traces 
of  arsenic,  if  present,  would  likewise  subside  as  orpiment.  The  filter- 
ed liquid  is  then  heated  to  expel  free  sulphuretted  hydrogen,  and  the 
oxides  of  nickel  and  cobalt  precipitated  by  carbonate  of  potassa.  The 
separation  of  these  oxides  may  then  t>e  effected  by  the  method  sug* 
geeled  by  M.  Bertbier.  The  mixed  hydrates,  after  being  well  washed, 
are  suspended  in  water  through  which  chlorine  is  transmitted  to  satu* 
ntion.  All  the  cobalt,  and  generally  some  nickel,  is  converted  into 
peroxide  and  thus  rendered  insoluble;  while  the  greater  part  of  the 
nickel  is  dissolved  in  the  form  of  muriate,  and  may  be  removed  from 
tbe  insoluble  peroxides  by  filtration. 

Metallic  nickel,  which  may  be  prepared  either  by  heating  the  oxa« 
late  in  close  vessels,  or  by  the  combined  action  of  heat  and  charcoal 
or  hydrogen  on  the  oxide  of  nickel,  is  of  a  white  colour,  intermediate 
between  that  of  tin  and  silver.  It  has  a  strong  metallic  lustre,  and  ia 
both  ductile  and  malleable.  It  is  attracted  by  tbe  magnet,  and  like 
Iron  snd  cobalt  may  be  rendered  magnetic.  Its  specific  gravity  after 
Mon  is  about  8.2^79,  and  is  increased  to  near  9.0  by  hammering. 

Nickel  is  exceedingly  infusible,  even  more  so  Ib&u  v^t«  ^''^^^  "^^ 
ikUSkb  no  chMfigB  $t  cammoa  tempenituiM  b;f  exv^«>u«  Mo^  i^  ^b^ 
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moittare;  bat  it  aVsorbs  oxygen  at  •  red  heat,  tbough  not  rapidly,  ud 
If  partially  oxidized.  The  muriatic  and  sulphuric  acids  act  ifyonk  it 
with  difficulty.  By  the  nitric  acid,  it  is  readily  oxidized,  and  wnut 
nitrate  of  the  protoxide  of  nickel. 

Nickel  is  susceptible  of  two  stages  of  oxidation.  According  to  As 
experiments  of  Beraelius,  Berthter,  and  Thomson,  the  combining  pnH 
portion  of  nickel  is  26,  and  that  of  its  protoxide  34.  The  protoxide 
may  hence  be  regarded  as  a  compound  of  one  equivalent  of  each  ele- 
ment. (Edinburgh  Journal  of  Science,  No.  xiii.  167.)  The  peroiide 
of  nickel  has  been  less  fully  examined  than  the  protoxide ;  but  fioB 
some  experiments  of  Rothoff,  it  appears  to  consist  of  26  parts  or  one 
equivalent  of  nickel,  and  12  parts  or  one  equivalent  and  a  half  of 
oxygen. 

The  protoxide  of  nickel  may  be  formed  by  heating  the  carixnute, 
oxalate,  or  nitrate  to  redness  in  an  open  vessel,  and  is  then  of  an  ish« 
gray  colour;  but  after  being  heated  to  whiteness,  its  colour  is  a  did 
olive-green.  It  is  not  attracted  by  the  magnet.  It  is  a  strong  afta* 
line  base,  and  nearly  all  its  salts  have  a  green  tint.  It  is  precipitated 
as  a  hydrate  of  a  pale  green  colour  by  the  pure  alkalies,  but  is  redis- 
solved  by  ammonia  in  excess ;  as  a  pale  green  carbonate  by  alktUne 
carbonates,  but  is  dissolved  by  an  excess  of  the  carbonate  of  ammonia; 
and  as  a  black  sulphuret  by  alkaline  hydrosulp^urets.  Sulphoretted 
hydrogen  occasions  no  precipitate,  unless  the  solution  is  quite  neatnl, 
or  the  oxide  combined  with  a  weak  acid. 

The  peroxide  of  nickel  is  of  a  black  colour,  and  is  formed  by  traas- 
mittlog  chlorioe  gas  through  water,  in  which  the  hydrate  of  the  prot- 
oxide 13  suspended.  The  peroxide  of  nickel  does  not  unite  with  acids, 
is  decoiiiposed  by  a  red  heat,  and  with  hot  muriatic  acid  forms  a  proto- 
muriate  with  disengagement  of  chlorine  gas. 


SECTION  XIX. 


BISMUTH,    TITAJVIUM.     TELLURIUM. 

Bismuth. 

Bismuth  is  found  in  the  earth  both  native  and  In  combination  with 
other  substances,  such  as  sulphur,  oxygen,  and  arsenic.  That  which 
is  employed  in  the  arts  is  derived  chiefly  from  native  bismuth,  and 
commonly  contains  small  quantities  of  sulphur.  Iron,  and  copper.  It 
may  be  obtained  pure  for  chemical  purposes  by  heating  the  oxide  or 
subnitrate  to  redness  along  with  charcoal. 

Bismuth  has  a  reddish-white  colour  and  considerable  lustre.  Its 
structure  is  highly  lamellated,  and  when  slowly  cooled,  it  crystallizei 
in  octahedrons.  Its  density  is  about  10.  It  is  brittle  when  cold,  bat 
may  be  hammered  into  plates  while  warm.  At  476''  F.  it  fuses,  and 
sublimes  in  close  vessels  at  about  30°  of  Wedgwood.  It  is  a  less  per- 
fect conductor  of  caloric  than  most  other  metals. 

Bismuth  undergoes  little  change  by  exposuVe  to  air  at  common  tem- 
peratures. When  fused  in  open  vessels,  its  surface  becomes  covered 
inth  a  gray  film,  which  \a  «l  m\xV\]LT«  ^^l  m^^VVv^  hlamuth  with  the  oiid? 
m  die  metal.    Healed  lo  \U  a>a^>Ani\xk^  ^«mx«  \x  \sMtsA^^^\VJmU< 
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,  and  emito  copious  fames  of  the  oxide  of  bismuth.  The 
«elied  with  ^difficulty  by  muriatic  or  sulphuric  add,  Imt  it 
Lidized  and  dissoWed  by  Ditric  acid. 
Bismuth, — This  metal  unites  with  oxygen  in  one  propor- 
>rmlng  a  yellow-coioured  oxide,  which  may  l>e  easily  pro* 
3atlng  the  suboitrate  to  ([edness.  At  a  full  red  beat  it  is 
fields  a  transparent  yellow  glass.  At  a  still  higher  tempo* 
iublimed*  It  unites  with  acids,  and  most  of  its  salts  are 
cording  to  the  experiments  of  Dr  J.  Davy*,  it  is  composed 
of  bismuth,  and  8  parts  of  oxygen,  and  therefore  72  is  the 
;ht  of  bismuth,  and  80  the  equivalent  of  its  oxide.  Tliia 
ifirmed  by  the  researches  of  Dr  Thomsonf. 
9  nitrate  of  bismuth,  either  in  solution  or  in  crystals,  is  put 
a  copious  precipitate,  the  subnitrate,  of  a  beautifully  white 
ides,  which  was  formerly  called  the  magisiery  of  bismuth, 
liteness,  it  is  sometimes  employed  as  a  paint  for  improving 
Kion;  but  it  is  an  inconvenient  pigment,  owing  to  the  faci- 
hich  it  is  blackened  by  sulphuretted  hydrogen.  If  (he  ni- 
vhich  it  is  made  contains  no  excess  of  acid,  and  a  large 
water  is  employed,  the  whole  of  the  bismuth  is  separated 
ate.  By  this  character  bismuth  may  l>e  both  distinguished 
ed  from  other  metals. 

of  Bismuth, — When  bismuth  In  fine  powder  is  introduced 
e  gas,  it  takes  fire,  burns  with  a  pale  blue  light,  and  is  coo- 
a  chloride,  formerly  termed  butter  of  bismuth.  It  may  he 
nveniently  by  heating  two  parts  of  corrosive  sublimate  with 
lUth,  and  afterwards  expelling  the  excess  of  the  former,  to- 
I  the  metallic  mercury,  by  heat. 

ride  of  bismuth  is  of  a  grayish-white  colour,  opake,  and  of 
texture.  It  fuses  at  a  temperature  a  little  above  that  at 
netal  itself  is  liquefied,  and  bears  a  red  heat  in  close  vessels 
>liming.  (Dr  Davy.)  From  the  experiments  of  Drs  Davy 
son,  it  appears  to  consist  of  one  equivalent  of  each  of  its 

et  of  Bismuth, — ^This  sulphuret  is  found  native,  and  may 
artificially  by  fusing  bismuth  with  sulphur.  It  is  of  a  lead- 
r,  and  metallic  lustte.  The  experiments  of  Dr  Davy, 
and  Lagerhielml  leave  no  doubt  of  its  being  composed  of 
lent  of  bismuth  and  one  equivalent  of  sulphur.  I  appro* 
ark  brown  precipitate  caused  by  the  action  of  sulphuretted 
lathe  salts  of  bismuth  is  likewise  a  protosulphuret. 

Titanium. 

1  was  first  recognised  as  a  new  substance  by  Mr  Gregor  of 
and  its  existence  was  afterwards  established  by  Klaproth.§ 
iperties  of  the  metal  were  not  ascertained  jn  a  satisfactory 
til  the  year  1822,  when  Dr  Wollaston||  was  led  to  examine 
te  crystals  which  were  found  in  a  slag  at  the  bottom  of  a 
irnace  at  the  great  iron  works  at  M^rthyr  Tydvil  in  Wales, 
ted  to  him  by  Mr  Buckland.  These  crystals,  which  have 
1  found  at  other  iron  works,  are  of  a  cubic  form,  and  in 
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mm  M%  tllnieied  liigMiy  tf  mm  mm^mt  •  ■wpiiij  ««ieh  mtm» 
Mtac  to  the  pieMiiee  «r  « mlMli  qoMllbr  •rknu    TiMir  Milll 

SirfftM  of  rock  ciyftaL    Tbej  aro  oiceidta|^  tdlMM«;  b«t  iiha 


^poiad  to  the  vailed  aetioo  of  hoAt  Md  oIts  Ihoir 
coiperodwithapi*pltcoloiifedfilai  wWdi  li  aa  mrida.    Tbof  mIiC 
the  tetion  of  nitrie  and  nitro-niiriatle  adds»  bat  ate  eooplala^  oi- 
dlMd  by  Mug  atrongly  heated  with  iiitm.    llMsr  •n  Hms  c«mM 
tpte  a  white  mhttaiice,  which  poisaaaea  al  tbm  ptopttjaa  afiha 
of  titanium.    By  this  cliaracter  they  aie  ptoved  to  bo  Motalle 
OnAurf  IVoniiMi.— Thii  metal  has  probaMj  two  dogm 
fdatioB.    The  mroioxide  it  of  a  purple  coloor,  and  ia  ■nppeaai  » 
esift  pore  hi  Uie  minefal  called  onofofe/  but  Its  mawpaiiiluo  «i 
chemical  propertlea  are  onkoewii.    The  ptrmtUe  oiriata  !■  a  bwI^ 
pom  state  in  tlie  titanite  or  lutile.  The  moMceaBite,  te  wliMh  tllMhai 
was  originally  discovered  by  Mr  Grccor,  Is  a  compound  of  the  sriiM 
^  titankim,  iron»  and  mannnese*    liiis  oiMo  ia  heal  pnjMMi  laai 
futfle.    The  mineral,  after  bewg  reduced  to  au  fiirnaillMJf  fiaa  aoi^ 
dor, is  fused  in  a  pUtinum  crucible  with  throo  thnaoK  weyt  of 
eaibonate  of  potassa,  and  the  mass  afkefwards  washed  wfih  walor  to 
tomove  the  eacess  of  alkali.    A  gray  oaaaa  renmlos,  wHA  coodsti 
^  potassa  and  oiide  of  titanium.    This  compound  la-dlaaoliBd  hi  coa- 
centrated  muriatic  acid ;  snd,  on  diluting  with  water,  and  bontaig  tin 
solution,  the  greater  part  of  the  oxide  of  titanium  is  thrown  dowo.   It 
is  then  collected  on  a  filter,  and  well  washed  with  water  acidahted 
with  muriatic  acid.     In  this  state,  the  oxide  is  not  quite  pure;  but 
contains  a  little  oxide  of  manganese  and  iron,  derived  from  the  ratih. 
The  bfest  mode  of  separating  these  Impurities,  is  to  digest  the  preei- 
pitate,  while  still  moist,  with  hydrosulphuret  of  ammonia,  wfaieh  coo- 
verts  the  oxides  of  iron  and  manganese  into  sulphurets,  but  does  oot 
act  on  the  oxide  of  titanium.    The  two  sulphurets  are  readily  dinoif* 
ed  by  dilute  muriatic  acid  ;  and  the  oxide  of  titanium,  afker  belDgeol' 
lected  on  a  filter  and  well  washed,  as  before,  may  he  dried  snd  hotted 
to  redness.    This  method  was  proposed  by  Professor  Rose  of  Bodhi 
(An.  de  Ch.  et  de  Physique,  xxiii.) 

The  peroxide  of  titanium,  when  pure,  is  quite  white.  It  is  eieeod* 
ingly  infusible  and  difficult  of  reduction;  and  after  being  once  igoited, 
ceases  to  be  soluble  in  acids.  M.  Rose  has  ol>serTed  that,  like  sfMeti 
it  possesses  weak  acid  properties.  Thus  he  finds  that  it  unites  loadily 
with  alkalies,  and  denies  its  poijrer  of  acting  as  an  alkaline  haoo.  (A 
this  account  be  proposes  for  It  the  name  of  titanie  add.  In  the  lUta 
of  hydrate,  as  when  precipitated  from  muriatic  acid  by  beilio|,  m 
when  combined  with  an  alliali  after  fusion,  it  has  a  singular  teadeacj 
to  pass  through  the  pores  of  a  filter  when  washed  with  pore  walor; 
but  the  presence  of  a  little  acid,  alkali,  or  a  salt,  proveota  tUskMa* 
lenience.  After  exposure  to  a  red  heat,  it  is  not  attacked  by  ochht 
except  by  the  hydrofluoric. 

If  previously  ignited  with  carbonate  of  potassa,  the  oxide  of  Utaokio 
is  soluble  in  dilute  muriatic  acid ;  but  it  is  retained  in  sohitfon  bf  w 
feeble  an  attraction,  that  it  is  precipitated  merely  1^  hoilfaig.  It  h 
likewise  thrown  down  by  the  pure  and  carbonated  alkaliea,  bedi  find 
and  volatile.  A  solution  of  gall-nuts  causes  an  orenge*red  coloWf 
which  is  very  characteristic  of  the  presence  of  titsnKim.  When  o  lod 
of  zinc  is  suspended  in  the  solution,  a  purple-chared  powdsr,  pio* 
tebljr  the  protoxide,  ia  viecV^V^a^Vbd^  ^hkk  ia  nadnallj  leeoafirtod 
loto  the  peroxido. 
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The  Atomfe  weicbt  of  titanium,  as  deduced  by  Dr  Thomson  from 
esperiBMOti  madel>y  M.  Rose  and  by  himself,  is  82.  Titanic  acid 
b  inferred,  from  the  same  data,  to  be  composed  of  82  parts,  or  one 
equivalent  of  titanium,  and  16  parts  "or  two  equivalents  of  oxygen. 
The  combining  proportion  of  the  peroxide  of  titanium,  and  its  cnemi- 
ctl  constitution,  have  not,  however,  been  ascertained  with  certainty. 

CfhUnide  of  TManium, — This  substance  was  first  prepared  in  the 
yeu  1824  by  Mr  George  of  Leeds,  by  transmitting  dry  chlorine  gas 
over  metallic  titanium  at  a  red  heat.  At  common  temperatures,  it  is 
a  tranaparent  colourless  fluid  of  considerable  specific  gravity,  boils 
violently  at  a  temperature  a  little  above  212°  F.  and  condenses  again 
without  change*  In  open  vessels,  it  is  attacked  by  the  moisture  of 
the  atmosphere,  and  emits  dense  white  fumes  of  a  punsent  odour 
ihnilar  to  that  of  chlorine,  but  not  so  offensive.  On  adding  a  few 
drops  of  water  to  a  few  drops  of  the  liquid,  a  very  rapid,  almost  ex- 
plosive, disengagement  of  chlqrine  gas  ensues,  attended  with  con- 
•iderable  increase  of  temperature;  and  if  the  water  is  not  in  excess,  a 
solid  residue  is  obtained.  This  substance  is  deliquescent,  soluble  in 
water,  and  its  solution  possesses  all  the  characters  of  muriate  of 
titanium. 

The  eompotitlon  of  this  chloride  has  not  been  satisfactorily  establish- 
ed ;  but  it  contains  more  chlorine  than  is  capable  of  uniting  with  the 
hydrogen  derived  from  water,  when  the  oxygen  of  that  fluid  converts 
titanium  into  the  peroxide. 

Suiphwret  of  TUanivm. — This  compound  was  discovered  by  Rose, 
who  prepared  it  by  transmitting  the  vapour  of  sulphuret  of  carbon 
over  the  peroxide  of  titanium,  heated  to  whiteness  in  a  tube  of  por- 
celain.  It  occurs  in  thicic  green  masses,  'which  by  the  least  friction 
acquire  a  dark  yellow  colour  and  metallic  lustre.  When  heated  in 
the  open  air,  it  is  converted  into  sulphurous  acid  and  oxide  of  titanium. 
By  acids  it  is  slowly  decomposed,  and  is  dissolved  by  muriatic  acid 
with  disengagement  of  sulphuretted  hydrogen  gas.  According  to 
Clie  experiments  of  Rose,  it  is  proportional  to  the  peroxide  of  titanium, 
coDfllsting  of  82  parts  or  one  equivalent  of  titanium,  and  82  parts  or 
two  equivalents  of  sulphur. 

TeUurium. 

TeUmiom  is  a  rare  metal,  hitherto  found  only  in  the  gold  mmes  ef 
Transylvania,  and  even  tliere  in  very  small  quantity.  Its  existence 
n^e  inferred  by  Muller  in  the  year  1782,  and  fully  established  in  1796 
by  Klaproth.*  It  occurs  in  the  metallic  state,  chiefly  in  combination 
with  cold  ukI  silver. 

Telnitium  has  a  tin-white  colour  running  into  lead-gray,  a  strong 
metallic  lustre,  and  lameHated  texture.  It  is  very  brittle,  and  its 
density  ia  6.116.  It  fuses  at  a  temperature  below  redness,  and  at  a 
red  heat  Is  volatile.  When  heated  before  the  blowpipe,  it  takes  fire, 
boras  rapidly  with  a  blue  flame  bordered  with  green,  and  is  dissipated 
in  gray-coloured  pungent  inodorous  fumes.  The  odour  of  decayed 
horse-radish  is  sometimes  emitted  during  the  combustion,  and  was 
thonght  by  Klaproth  to  be  peculiar  to  tellurium ;  but  Berzelius  aseribet 
it  solely  to  the  presence  of  selenium. 

Omit  nf  Ttmenum, — ^Tellurium  is  rapidly  oxidized  by  nitric  ieid» 


*  Contributions,  vol.  \U. 
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a4  a  Mlobh  nlbtta  •(  Ike  oitds  reaulu.  Tbe  oxide  is  likewiit 
ftOMd  dKlu  A*  CMriwMkD  of  lh«  meul.  It  »  of  i  gray  colour, 
JJMMttand  bMltlbd  at  BlempEratureslill  higher  sublimes.  Wbcn 
iMatid  bflbta  lb*  btmrpipe  on  chitcoal,  il  is  decomposed  wiib 
ftolHea.  UIms  lb*  n'apwty  of  fDnning  salts  both  with  acids  aiiii 
■ftalaa.  It  i*  pndpUalM  fram  iis  loluiion  in  acids,  as  a  hydrate,  b; 
att  tba  akaHai  both  pan  and  cttbooated ;  but  it  is  rsdissolved  by  id 
UUIWnflhiaiirlimiin  JUkalme  hydmsulphuteU  occisioD  a  bluk 
pndpitatatVUdilirNbablyasulpburetoltellutium.  It  iaieduMd 
ta  tba  (aatalla  Mta.  ^ad  Ikonn  dawn  >a  a  black  powder,  by  ill»c^ 
llM  or  a  lad  arriDe,  Ha,  aatimooy.  or  iron. 

Aceoldla■[toBalHllii^lbeoxideo^lelluriulD  is  composed  ofneiilr 
IS  Mill  Of  Uw  laUl.  aad  3  parts  of  oiyKeo  ;  90  (hat  32  hit  tic 
nyudad  ai  tba  atoBlemlabi  of  lellurium,  ami  40  of  iig  oxide.  Tbii 
landt,  bemvar,  dtAn  cooaiderably  from  thii  of  Elaprotb,  and,  Iben- 
Ibrfc  laqolraa  confinatlBB. 

Taliiriiim  uolla*  la  eaa  aroportioD  with  chloiine,  and  in  two  pro- 
MttlaM  wJlh  hjdrann.  TIb  most  interesling  of  ibese  campeaei) 
U  Iha  Idloialtad  iyinpu  cas  diicaveted  in  the  yoar  1309  bySiiS. 
Dafjr-  TUi  lu  w  cMBuriess,  has  id  odoui  similar  to  that  of  ail- 
phwattai  hjdittga*,  and  ii  absorbed  by  waiei,  farming  a  cltrct- 
ealawad  aalutfaw.  Aa  it  mites  with  alkaliei,  it  may  be  legaided  as  i 
iiabU  aeU>  It  laddaaa  Htaiiis  paper  at  first ;  but  loses  this  p'op*"} 
lAar  balog  mabod  with  wilar. 


Native  copper  ii  by  no 

atDDiphoua  miBwi  Id  aome  put*  af  America,  aad  b 

in  octahedral  cryslala,  or  fo  fonni  allied  to  iba  octabadrlni. 
metallic  copper  of  commerce  Is  eitncled   chiefly  from  iba  -^- 

Copper  is  dlaliDguished  from  alt  olfaermalalf,  (iltBiamazc^te',tT 
h>*lDg  a  red  colour.  It  receives  a  eoD*ideT«blg  lualre  by  pdlafalai. 
Ita  denilly  i*  B.TB,  and  la  iDcreuad  by  hammerlnv.  It  la  betb  dam 
and  malleable,  and  in  tenacity  la  Inferior  only  to  um.  It  Ithald  lal 
elaatle,  aad  conieqaentlj  aoDoroua.  In  hialblUty  it  ataoda  balawi 
•Uvet  and  gold. 

Copper  uDdet];oBa  little  change  In  a  perfectly  drj  ataioaBbtM„M 
ia  luaied  in  a  short  time  by  eiposDra  to  air  and  moiatwa,  Mag  Ha- 
veited  Into  a  green  subatanca,  tbe  carbonate  of  the  pettoMe  M  t^ 
per.  At  a  red  heal  it  abaorba  ozynn.aDd  b  converted  Into  tbe  patv- 
ide,  whicb  appears  in  the  ronn  oT  Mack  acak*.  It  b  attacked  «* 
dlfficnlty  by  muriatic  and  aulphatie  aeMa,  and  not  at  all  by  the  ««^ 
bbleaelda,  ifatmoapbGrieair  beeiclndedi  but  If  air  baabeaaecaK 
tba  Bietal  abw>rbi  oxygen  witb  lai^dilT,  tba  atlractloD  of  tbe  add  k 
the  oslda  of  copper  co-operating  with  tbal  of  tba  copper  for  lujgw. 
Nilric  acid  acta  with  riolanea  on  capper,  fonilnganlinteaf  Ibar**^ 

CMdM  tf  Copper^Tht  oiidea  qt  thb  mtal  ban  bean  alaW 
V  Aeuat,  ChaDntx, Di Dwn>*>BA  VrenaHMo,  vni  aa^adaHy  tj  Aa 
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rormer*.    From  die  laboun  of  theie  chemists,  it  appears  that  there 
are  bat  two  oxides  of  copper,  aod  that  they  are  thus  constituted: — 

Copper,        Oxygen. 
Protoxide        .64  .        8     ss    72 

Peroxide  .        64         .      16    =a    80 

Consequently,  if  the  first  he  regarded  as  a  compound  of  one  equi- 
rmlent  of  each  elemeot,  64  is  the  atomic  weight  of  copper. 

The  red  or  protoxide  occurs  native  in  the  form  of  octahedral  crys- 
tal9»  and  is  found  of  peculiar  beauty  in  the  mines  of  Cornwall.  It  may 
be  prepared  artificially  by  mixing  64  parts  of  metallic  copper,  in  a 
state  of  fine  dlWsion,  with  80  parts  of  the  peroxide,  and  heating  the 
mixture  to  redness  in  a  close  vessel ;  or  by  boiling  a  solution  of  the 
acetate  of  copper  with  sugar,  when  the  peroxide  is  partially  deoxi- 
dized, and  sulMides  as  a  red  powder. 

The  protoxide  of  copper  combines  with  the  muriatic,  sulphuric, 
and  probably  with  several  other  acids,  forming  salts,  most  of  which  are 
colourless,  and  from  which  the  protoxide  is  precipitated  as  an  orange- 
coloured  hydrate  by  alkalies.  They  attract  oxygen  rapidly  from  Uie 
atmosphere,  by  which  they  are  converted  into  per-salts.  The  proto- 
muriate  is  easily  formed  by  putting  a  solution  of  the  permuriate  with 
free  muriatic  acid  and  copper  filings  into  a  well  closed  glass  phial. 
The  protoxide  of  copper  is  soluble  in  ammonia,  and  the  solution  is 
quite  colourless.  It  becomes  blue,  however,  with  surprising  rapidity 
by  free  exposure  to  air,  owing  to  the  formation  of  the  peroxide. 

The  peroxide  of  copper,  the  copper  black  of  mineralogists,  is  some- 
times found  native,  being  formed  by  the  spontaneous  oxidation  of 
other  ores  of  copper.  It  may  be  prepared  artificially  by  calcining 
metallic  copper,  by  precipitation  from  the  per-salts  of  copper  by  means 
of  pure  potassa,  and  by  heating  the  nitrate  of  copper  to  redness. 

The  peroxide  of  copper  varies  in  colour  from  a  dark  brown  to  a 
Bluish-black,  according  to  the  mode  of  formation.  It  undergoes  no 
change  by  heat  alone,  but  is  readily  reduced  to  the  metallic  state  by 
heat  and  combustible  matter.  It  is  insoluble  in  water,  and  does  not 
aflfect  the  vegetable  blue  colours.  It  combines  with  nearly  all  the 
acids,  and  most  of  its  salts  have  a  green  or  blue  tint.  It  is  soluble 
HkevviBe  in  ammonia,  forming  with  it  a  deep  blue  solution,  a  property 
hy  which  the  peroxide  of  copper  is  distinguished  from  all  other  sub- 
stances. 

Thio  peroxide  of  copper  is  precipitated  by  pure  potassa  as  a  blue 
hydrate,  which  is  rendered  black  by  boiling,  the  hydrate  being  de- 
composed at  that  temperature.  Pure  ammonia  at  first  throws  down 
a  greenish-blue  insoluble  subsulphatef,  which  is  redissolved  by  the 
prodpitant  in  excess,  and  forms  the  deep  blue  amraoniacal  sulphate  of 
copper.  Alkaline  carbonates  cause  a  bluish-green  precipitate,  the 
eifbonate  of  copper,  which  is  redissolved  by  an  excess  of  carbonate 
of  ammonia.  It  is  precipitated  as  a  dark  brown  bisulphuret  by  sul- 
phurotted  hydrogen,  and  as  a  reddish-brown  ferrocyanate  by  the  ferro- 
cyanate  of  potassa.    The  oxide  of  copper  is  thrown  down  of  a  yellow- 

*  Joamal  de  Phsyque,  vol.  lix. 

t  Dr  Turner  has  taken  it  for  granted  here,  that  the  ammonia  is  ad- 
ded to  a  solution  of  the  sulphate  of  copper.  The  sentence,  to  make  it 
iotelligible  to  the  student,  ought  to  read  thus :  **  From  the  sul^ha^tA 
0f  copper,  pure  ammonia  at  first  throws  down,'*  ^c.  ^. 
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Ish-while  eolouiby  Blbuiueci.aad  M.  Oidla  Km  proved  ihu  thli  con- 

pound  ii  Inerr,  so  Ihat  albumen  if  an  antidote  to  poiioning  b;  coppe. 

Coppec  is  pepanled  in  llie  metallic  Kale  bf  a  rod  of  irso  «t  tisc. 

The  copper,  lliuB  obtained,  after  being  wathed  with  a  dilute  aolulieii  of 

The  best  mode  of  detectiiiK  copper,  nhen  suppoMil  to  be  preseBliE 
mifed  fluida. '    b;  sulphiiielted  hydraKcn.     The  sulphutet,  afterbsst 
collected.  •!       {be  placed  on  a  piece  o(  porcelain,  and  digedtdim 
ic  acid.     A  sulphate  of  copper  ia  formed,  which,  irlHIi 
-yness,  stiilies  the  characleriitic  deep  blue  on  ^le  ad- 
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a  this  view  Ihe  atomic  wei^lof 
hii  opinion,  which  if  adopliit 
by  the  tendency  of  ibe  is' 
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compouDilt,  iDcli 
it  appears  to  ih 
lompoaed  of  oh 


copper  I; 
by  Dr  Tbon 

Other  arKlimend  n 
as  the  red  oildo  i  k... 

uniting  with  Bclds  irop 

as  the  piolosulphui      t^J  pn 
more  consistent  la  consldet  k  .. 
atom  of  esch  ofila  elements. 

ChloTidei  itf  Capper. — The  cbi  ii  of  copper  have  been  m 
studied  by  Proust  and  Dr  Davy.  in  Ihe  able  researches  of  tboe 
chemists,  and  rspedaMy  of  Ihe  laller,  klere  ii  d6  doubt  that  flielw 
chlorides  are  praportionai  lo  Ihe  two  axidea  ofcoppei,  ot  tliit  ItwTin 
coinpoaed  of 

Copptr.  Chlorine . 

Prolochlorida  .  64  .  36 

Peichloride  .  64  .  72 

When  copper  Rlinga  are  intTodu 
gi»,  the  metal  lakes  fire  spontai 
generated. 

The  prtttoehloride  may  be  conveniently  prepared  by  healingto^ 
per  filings  with  twice  their  weiKhl  of  corrosive  eublimatc.  Is  tVu 
way  it  was  originally  made  by  Mr  Boyle,  who  termed  it  rttin  oftct- 
per.Ciom  its  resemblance  lo  common  resin.  Proust  procured  it  bf 
the  BClion  of  the  piotomurtale  of  tin  on  the  permuriate  of  copper ;  ti^ 
also  by  decomposing  Ihe  permuriate  by  heal.  He  gave  il  the  lun' 
of  white  muriate  of  copper. 

The  prolDchloride  of  copper  is  fusible  at  a  heal  just  below  itdots!, 
and  bears  a  red  heat  in  close  vessels  without  subliming.  Ills  rDSoh- 
ble  in  water,  but  diesolros  In  muriatic  acid,  and  is  precipitited  on- 
changed  by  water  as  a  white  powder.  Its  colour  varies  wilb  ibc 
mode  ofpreparslion,  being  white,  yellow,  or  dark  brown. 

The  ptrcWorirfe  is  best  formed  by  exposing  the  permuriate  of  top- 
pet  lo  a  temperature  not  eTCeediDg  400"  F.  (Dr  Davy. )  Il  is  i  pul- 
verulent suhsEance  of  a  yellow  colour,  deliquesces  on  exposure  to  aii, 
and  is  reconvcrled  by  wiiler  into  the  permuriate.  It  parts  with  M< 
lis  chlorine  when  strongly  healed,  and  the  protocbloride  of  copgieii! 
generaled. 

Sutphurete  o/ Copper.— "Hve  ^iqVoimV^V™*!, a\ td^rewavaWiril 

duction,  well  Wnovin  to  m\\iBia\oB*s  widsi  ■Ot*  twka  A  omn 
let  ■  and  in  comb\na»\oB  w'^'A'  Bii\V»»iiV  tA  m 
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of  the  ▼aiiegtted  copper  ore.  It  is  formed  mifieially  by  healioe  cop- 
per fitinn  with  a  third  of  their  weight  of  sulphur.  The  combination 
is  attended  with  such  free  disengagement  of  caloric,  that  the  mass 
becomes  vividly  luminous.  According  to  the  analysis  of  Berzeliut, 
it  la  composed  of  64  parts  or  one  equivalent  of  copper,  and  16  parts  or 
one  equivalent  of  sulphur. 

Bisulphuret  of  copper  is  a  constituent  of  copper  pyrites,  iir  which  it 
Is  combined  with  protosulphuret  of  iron.  It  may  be  formed  artificially 
by  the  action  ef  sulphuretted  hydrogen  on  a  per-salt  of  copper.  When 
exposed  to  a  red  heat  in  a  close  vessel;  it  loses  half  its  sulphur,  and  is 
converted  into  the  protosulphuret. 

The  compounds  of  copper  with  the  other  non-metallic  bodies  are 
ef  minor  interest,  and  have  hitherto  been  little  studied. 


SECTION  XXI. 

LEM). 

Native  lead  is  an  exceedingly  rare  production ;  but  in  combination, 
tapecially  with  sulphur,  it  occurs  in  large  quantity.  AH  the  metallic 
sad  of  commerce  is  extracted  from  the  native  sulphuret,  the  galena 
»f  mineralogists. 

LfOad  has  a  bluish-gray  colour,  and  when  recently  cut,  a  strong 
letalHc  lustre ;  but  it  soon  tarnishes  by  exposure  to  the  air.  Its  den- 
ity  is  11.858.  It  is  soft,  flexible,  and  inelastic.  It  is  both  malleable 
od  ductile,  possessing  the  former  property  in  particular  to  a  consider- 
ble  extent.  In  tenacity,  it  is  inferior  to  all  ductile  metals.  It  fuses 
t  about  612®  F.,  and  when  slowly  cooled  forms  octahedral  crystals, 
t  naay  be  heated  to  whiteness  in  close  vessels  without  subhming. 
foot  of  the  compounds  of  lead  are  poisonous. 

Lead  absorbs  oxygen  quickly  at  high  temperatures.  When  fused 
I  open  vessels,  a  gray  nim  is  formed  upon  its  surface,  which  is  a 
ilxture  of  metallic  lead  and  protoxide ;  and  when  strongly  heated, 

ie  dissipated  in  fumes  of  the  yellow  oxide  of  lead.    In  pure  water, 

ie  oxidized  with  considerable  rapidity,  yielding  minute  shining, 
rllUiDtly  white,  crystalline  scales  of  carbonate  of  lead,  the  oxygen 
id  carbonic  acid  being  derived  from  the  atmosphere.  The  presence 
r  Milne  matter  in  water  retards  the  oxidation  of  the  lead ;  and  some 
lite,  even  in  exceedingly  minute  quantity,  prevent  it  altogether. 
[any  kinds  of  spring  water,  owing  to  (he  salts  which  they  contain, 
>  not  corrode  lead ;  and  hence,  though  intended  for  drinking,  may 
i  Mfely  collected  in  leaden  cisterns.   Of  this,  the  water  of  Edinburgh 

a  remarkable  instance.  Dr  Christison  is  at  present  occupied  with 
1  experimental  inquiry  on  this  subject,  and  has  already  collected  a 
irieQr  of  interesting  facts. 

Lead  is  not  attacked  by  the  muriatic  or  the  vegetable  acids,  though 
leir  presence,  at  least  in  some  instances,  accelerates  the  absorption 
'  oxygen  from  the  atmosphere  in  the  same  manner  as  with  cop- 
ir.      Uold  sulphuric  acid  does  not  act  upon  it ;   but  when  boiled 

that  liquid,  the  lead  is  slowly  oxidized  at  the  expense  of  the  acid. 
he  only  proper  solvent  for  lead  is  the  nitric  acid.  This  reagent 
ddises  it  rapidly,  and  forms  with  its  oxide  a  salt  whlcU  ci^%V^x<t% 

opake  oetihearonB  by  evaporation. 
E  e2 
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lUed.  arbor  Safumi,  This  is  a  eon?eiiient  metfiod  of  obtainiiig 
0fy  pore  metiliic  lead. 

Deutoxide. — ^The  deutoxide  o(  lead  is  the  mmmm  or  red  lead  of 
ommerce,  which  is  employed  as  a  pigment,  and  in  the  manofaetare 
r  flint  glass.  It  is  formed  by  beatiiiK  litharge  in  open  TOSMlSy  while 
corrent  of  air  is  made  to  play  upon  its  snrfiice. 

This  oude  does  not  unite  with  acids.  When  heated  to  redness,  it 
iTes  off  pure  oxygen  gas,  and  is  reconverted  into  the  protoEide. 
^en  digested  in  nitric  acid,  it  is  resolved  into  the  protoxide  and  per- 
dde  of  lead,  the  former  or  which  unites  with  the  acid,  while  the  latter 
inuuns  as  an  insoluble  powder. 

Peraaide^^Thia  oxide  may  be  obtahied  by  the  action  of  nitric  acid 
a  vilsiuin,  as  jvst  mentioned ;  bat  the  aioet  convenient  method  of 
reparing  it,  is  by  transmitting  a  current  of  chlorine  gas  throi^h  a 
ilotion  of  the  acetate  of  lead.  In  this  process,  water  is  decomposed ; 
s  hydroEon  uniting  with  chlorine,  and  its  oxygen  with  the  prot- 
side  of  lead,  gives  rise  to  muriatic  acid  aad  the  peroxide  of  lead. 

The  peroxide  of  lead  is  of  a  pure  colour,  and  does  not  unite  with 
dds.    It  is  resolved  by  a  red  heat  into  the  protoxide  and  oxygen  gas. 

Chloride  of  Lead. — ^This  compound,  sometimes  called  horn  lead  or 
fiiffi£)Um  eomeum^  is  slowly  formed  by  the  action  of  chlorine  gas  on 
In  plates  of  lead,  and  may  be  obtained  mora  easily  by  adding  muriatic 
M  or  a  solution  of  sea-salt  to  the  acetate  or  nitrate  of  lead  dissolved 
.  water.  This  chloride  dissolves  to  a  considerable  extent  in  hot 
vteTj  especially  when  acidulated  with  muriatic  acid.  In  solution  it 
most  probably  a  muriate  of  the  protoxide  of  lead;  but  in  cooling,  the 
doride  separates  in  the  form  oi  small  acicular  crystab  of  a  white 
ilour.  It  fuses  at  a  temperature  below  redness,  and  forms,  as  it 
sols,  a  semi-transparent  homy  mass.  It  bears  a  full  red  beat  in  close 
Bffsels  without  subliming.  According  to  the  analysis  of  Dr  Davy,  it 
I  composed  of  one  equivalent  of  1^  and  one  equivalent  of  chlo- 

ne. 

The  pigment  called  mineral  or  patent  yellow  is  a  compound  of  the 
blonde  and  protoxide  of  lead.  It  is  prepared  for  the  purposes  of  the 
rts  by  the  action  of  moistened  sea-salt  on  litharge,  by  which  means 

portion  of  the  protoxide  is  converted  into  chloride  of  lead,  and  then 
ising  the  mixture.  Soda  is  set  free  during  this  process,  and  is  con- 
eruS  into  a  carbonate  by  absorbing  carbonic  acid  from  the  atmos- 

Iodide  of  lead  is  easily  formed  by  mixing  a  solution  of  bydriedic 
£id  or  bydriodate  of  potassa  with  the  acetate  or  nitrate  of  lead  dis- 
lolved  in  water.  It  is  of  a  rich  yellow  colour.  It  is  dissolved  bv 
KMline  water,  forming  a  colourtess  solution,  and  is  deposited  on  cooi- 
ng in  yellow  crystalline  scales  of  a  brilliant  lustre.  It  is  composed  of 
me  equivalent  of  iodine  and  one  equivalent  of  lead. 

Sudphuret  of  lead  may  be  made  artificially,  either  by  heating  to- 
Eether  lead  and  sulphur,  or  by  the  action  of  sulphuretted  hydrogen  op 
a  salt  of  lead.    It  is  an  abundant  natural  product,  well  known  by  ti^ 
name  of  galena.    It  consists  of  one  equivalent  of  lead  and  one  eqaU 
valent  of  sulphur. 
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CLASS  11. 
ORDER  m. 

METALS,  THE  OXIDES  OF  WHICH  ARE  RE- 
DUCED TO  THE  METALLIC  STATE  BY  A 
RED  HEAT. 


SECTION  XXII. 

MEtiCXmr  OR  QUICKSILVER, 

Mercury  is  found  in  the  native  state,  but  it  occurs  more  commonly 
in  combination  with  sulphur  as  cinnabar.  From  this  ore,  the  roercaiy 
of  commerce  may  be  extracted  by  heating  it  with  lime  or  iron  filings, 
by  which  means  the  mercury  is  volatilized  and  the  sulphur  retained. 
As  prepared  on  a  large  scale,  it  is  usually  mixed  in  small  quantity  with 
other  metals,  from  which  it  may  be  purified  by  cautious  distillation. 

Mercury  is  distinguished  from  all  other  metals  by  being  fluid  at  com- 
mon temperatures.  It  has  a  tin- white  colour  and  strong  metalliclnstre. 
It  becomes  solid  at  a  temperature  which  is  39  or  40  degrees  below 
zero ;  and  in  congealing,  evinces  a  strong  tendency  to  crystallize  is 
octahedrons.  It  contracts  greatly  at  the  moment  of  congelation;  for 
while  its  density  at  47°  F.  is  13.545,  the  specific  gravity  of  Trozen 
mercury  is  15.612.  When  solid  it  is  malleable,  and  may  t>e  cut  with 
a  knife.  At  680°*  F.  or  near  that  degree,  it  enters  into  ebullition,  and 
condenses  again  on  cool  surfaces  into  metallic  globules. 


*  At  page  37,  Dr  Turner  has  quoted  a  table  from  the  memoir  of 

MM.  Dulong  and  Pettit,  giving  the  boiling  point  of  mercury  at  68(f  F, 

and  the  same  number  is  repeated  in  this  place.     If  I  understand  the 

subject  correctly,  this  number  of  Dulong  and  Pettit  is  the  appareni 

boiling  point  of  mercury,  measured  by  that  metal  In  glass,  both  heated 

to  the  boiling  point  of  the  former.    When,  however,  its  boiling  point 

Is  determined  by  an  air  thermometer,  which  is  generally  admitted  to 

furnish  true  Indications,  the  French  experimenters  make  it  662°.    Ac* 

cording  to  Mr  Crighton,  the  boiling  point  of  mercury,  as  ascertained 

by  a  good  mercurial  thermometer,  making  no  corrections  for  the  ex* 

panslon  of  the  glass,  or  the  increasing  rate  of  expansion  of  the  mereuiy 

itself,  is  656°.    This  number  does  not  differ  much  from  the  corrected 

number  of  Dulong  and  Pettit ;  and  the  near  coincidence  seems  to  show 

that  there  is  a  pretty  accurate  compensation  between  the  causes  which 

influence  the  correctness  of  the  mercurial  thermometer,  whereby  the 

general  indications  of  iVie  \n&Vra.meat  do  not  vary  much  from  tbs 

truth.  B. 
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Mercmyy  if  quite  pore,  it  not  taraiBbed  in  the  cold  by  ezpomire  to 
idr  end  moisture ;  but  if  it  contain  other  metals,  the  ama^am  of  those 
metals  oxidizes  readilv,  and  collects  as  a  film  upon  its  surface.  Mer- 
:unr  is  said  to  be  oxidized  by  lonfc  Sffitation  in  a  bottle  half  full  of  air, 
ind  the  oxide  so  formed  was  called  by  Boerhaave  ethiojii  per  $e; 
rat  it  is  yeiy  probable  that  the  oxidation  of  mercury  obaenred  under 
bese  circumstances  was  solely  owing  to  the  presence  of  other  metals. 
Whtn  mercury  is  exposed  to  air  or  oxygen  gas,  while  in  the  form  of 
rapour.  It  slowly  absorbs  oxygen,  and  is  converted  into  the  peroxide 
»f  mercuiy. 

The  only  adds  that  act  on  mercuiv  are  the  sulphuric  and  nitric  acids, 
rbe  former  has  no  action  whatever  in  the  cold ;  but  on  the  application 
>f  beat,  the  mercury  is  oxidized  at  the  expense  of  the  acid,  pure  sul- 
>hurous  acid  gas  is  disengaged,  and  a. sulphate  of  mercury  is  generated, 
ffitric  acid  acts  energetically  upon  mercury  both  with  and  without  the 
lid  of  heat,  oxidiiing  and  dissolving  it  with  evolution  x>f  the  deutoxide 
>f  nitrogen. 

Oxides  of  Mercury. 

Mercury  is  susceptible  of  two  stages  of  oxidation,  and  both  its  oxides 
ire  capable  of  forming  salts  with  adds.  It  ap^ars  from  the  reaearehes 
)f  Donovan*  and  Sefstromf,  whose  results  are  confirmed  by  the  ex- 
leriments  of  Dr  Thomson,  that  these  oxides  are  formed  in  the  follow* 
ng  proportions:— 

Mercury,  Oxygen. 

Protoxide  200  or  one  equivalent       .       8  ^m  208 

Penndde         .200  .      16  as  216 

ArotfMRuif*— The  protoxide  of  mercury,  which  is  a  black  powder,  in- 
lolable  In  vrater,  is  best  prepared  by  the  process  recommended  by 
!>oiMnran.  This  consists  in  mixing  calomel  briskly  in  a  mortar  with 
rare  potassa  in  excess,  so  as  to  efibet  its  decomposition  as  rapidly  as 
NMfllble.  The  protoxide  is  then  to  be  washed  with  cold  water,  and 
Iried  spontaneously  in  a  darir  place.  These  precautions  are  rendered 
weessaiy  by  the  tendency  of  the  protoxide  to  resolve  itself  into  the 
lerozide  and  metallic  mercury,  a  change  which  is  easily  eflbcted  by 
leat,  by  the  direct  solar  rays,  and  even  by  day-light.  It  is  on  this 
iccoDDt  very  difficult  to  procure  the  protoxide  of  mercury  in  a  state  of 
ibeolate  purity. 

This  oxide  is  predpitated  from  its  salts,  of  which  the  nitrate  Is  the 
DOSt  interesting,  as  tne  black  protoxide  by  pure  alkalies ;  as  a  white 
:aibonate,  which  soon  becomes  dark  from  the  loss  of  carbonic  acid,, 
ly  alkaline  carbonates ;  as  calomel  by  muriatic  acid  or  any  soluble 
nnriate ;  and  as  the  black  protosolphuret  by  sulphuretted  hydrogen. 
>f  these  tests,  the  action  of  muriatic  add  is  the  most  characleristk* 
nie  oxide  is  reduced  to  the  metallic  state  by  copper,  phosphoroua 
lei^  or  protomoriate  of  tin. 

l^rrox«le.— This  oxide  may  be  formed  either  by  the  combined  agency 
if  heat  and  air,  as  already  mentioned,  or  by  dissolving  mercury  in 
iltric  acid,  and  exposing  the  nitrate  so  formed  to  a  temperature  just 
vflldent  for  expelling  the  whole  of  the  jnitric  acid.  It  is  commonly 
mown  by  the  name  o(  red  jpreeipitafe. 


*  Aimalf  otPbOogopby,  vol.  xiv.  ^  \b\d.  ^oV  VSi.  v*tM^ 
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The  peraiiJe  of  meccury,  thita  prepsrei),  ii  commDnly  In  the  form 
of  shining  eryslalline  BCalfa  of  »  red  colaiir.  Il  it  soluble  to  ■  tmill 
exIeDl  in  water,  rorniiD^  a  aolution  which  has  u  acrid  metallie  lule, 
and  cammunicales  s  gisen  poiour  la  (he  blue  iafuBioii  or  violeu. 
When  healeil  lo  redoeas,  i[  is  canrerted  iaio  melallic  mercury  ud 
oiy^n.    Long  eipoaure  (o  light  has  a  siinilat  effect.  (Guibourt.) 

Sooie  of  the  neutral  sails  of  (his  oxide,  such  as  the  aittBle  >ad  nil' 
pbile,  >r«  CDDvertcd  by  water,  especially  at  a  boiling  tempentnrt, 
into  insoluble  yellow  sub-sails.  Bad  into  soluble  colourless  supei-HlU. 
The  ollda  is  scparaled  from  all  acids  as  a  red,  or  when  hydralie  ui 
yBllaw  pteclpllate,  by  Ihe  pure  and  carbonated  Gseil  alkalies.  AamD- 
nta  and  its  earbonite  cmise  a  while  ptecipilate,  which  is  a  double  nil, 
CDDslalIng  of  one  equWalent  of  (he  acid,  one  equivalent  o(  the  ptmt- 
tie,  and  one  equivalent  of  ammonia.  Sulphuretted  hydrogen,  pbof- 
phorous  acid,  and  prolamurlate  of  tm,  reduce  the  peioiide  iolo  Iha 
protoxide;  snd  when  added  ia  la^ei  quantity,  the  firs)  throw)  domi 
■  black  sulphuret,  and  the  two  latter  metallic  mercury.  The  Btiie  ii 
readily  reduced  by  iosertioD  of  a  rod  of  copper. 

Chlorides  of  Mercury. 

Mercury  unites  with  chlorine  in  two  proportions ;  and  the  leseatthts 

aTBit  H.  Davy  and  Mr  CheneWi  leave  no  doubt  that  these  wmpoandi 

«re  analogous  in  composition  to  (he  osidea  of  mercury,   that  is,  are 

composed  of 

Mtrcury.  Chtarine. 

Pfolochlorida  .200  .  36     =    S38 

Bichloride       .        .        200  .  72     =    272 

BicWoride— When  mercury  is  heated  m  chlorine  Ras,  Il  likM  file, 

and  burns  with  a  pate  red  Atrne,  formiiig  (he  well-known  mediciall 

preparadon  and  virulaol  poison,  lorrosiiit  juftHmafe    ot  bicbloTiile ol 

mercury.    It  is  prepared  for  inedical  purposes  by  suhliiaiag  a  mitlniBiif 

the  bisulphale  of  Ihe  peroxide  of  mercury,  with  Ihe  chloride  of  sodium 

or  sea-salL     The  enact  qu>atrtlea  required  for  mutual   decomposllioa 

are  296  parts  or  ooe  equiviilonl  of  the  bisulphale,  to  120  parts  or  l"o 

equivaleals  of  (be  chloride.     Thus, 

OMfloulM;«iiofih«bii«i^le      .     .TiMi.«iu'T»'«'t«'>f**«'*l 

•rmerearycolulsUar  '   -"-  -f -nHfiim  [nnrifl 

Sulpharlc  add  SOor  twqcqqiT.       "°  "tTr  f  jiiti' ,[if  lUi*! 

■  298''      ;.  ■- .  W  '  ■         .: , ' ; 

ud  tb«  produett  are, 

OuMoiTaleDtofthebicUofUa  TwoaqtAw^attiathamlMM 

of  mweury  canwiiibit  of  -  of^todi  cMMtaliDc  kf      ' 

Mercury     200  or  one  equlTilenl.  8ulphiirlekcUS0artw*««ift 

CUailo*      7aHI#oequiH)aUi.  ..   Bote'    '.    .    Slort*a«^ 

«r.', ".;  ",.:■■,::■■.     ,  "^        •• 

w  Mild,  baming  Asia,  and  Imvm  ■  uuseoua  natallie  bvqv  <■  At 
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rcight  of  boiling  water  for  solution,  and  is  deposited  from  the 
ir»u  it  cools,  in  the  form  of  prismi^tic  crystals.  Strong  alcohol 
etbA  dissolve  it  in  the  same  proportion  as  boiling  water ;  and  it 
»hible  in  half  its  weight  of  concentrated  muriatic  acid  at  the 
•ertture  of  70°  Fabr.  With  the  muriates  of  ammonia,  potassa, 
»  and  several  other  bases,  it  enters  into  combination,  forming 
le  salts,  which  are  more  soluble  than  the  chloride  itself. 
le  bichloride  of  mercury  is  probably  converted,  at  the  moment  of 
g  dissolved,  into  a  muriate  of  the  peroxide ;  at  least  this  view 
safely  be  admitted,  since  alkalies  and  other  reagents  act  upon  it 
itely  Id  the  same  manner  as  on  other  per- salts  of  mercury.  Its 
ous  solution  Is  gradually  decomposed  by  light,  calomel  being 
•sited. 

10  presence  of  mercury  in  a  fluid  supposed  to  contam  corrosive 
mate  may  be  detected  by  concentrating  and  digesting  it  with  an 
ss  of  pure  potassa.    The  oxide  of  mercury,  which  subsides,  is 
sublimed  in  a  small  glass  tube  by  means  of  a  spirit  lamp,  and  ob- 
(d  in  the  form  of  metallic  globules.    Dr  Christison  informs  me  that 
and  other  processes  recommended  by  medical  jurists  for  the  de- 
on  of  corrosive  sublimate  in  mixed  fluids,  are  not  altogether  satis- 
fy.    He  is  at  present  engaged  in  an  inquiry  on  the  subject,  and 
soon  make  known  the  result  of  his  researches. 
very  elegant  method  of  detecting  the  presence  of  mercury  is  to 
I  a  drop  of  the  suspected  liquid  on  polished  gold,  and  to  touch 
Doistened  surface  with  a  piece  of  iron  wire  or  the  point  of  a  pen- 
I,  when  the  part  touched  instantly  becomes  white,  owins  to  the 
itlon  of  an  amalgam  of  eold.    This  process  was  originally  sog- 
mI  by  Mr  Sylvester,  and  nas  since  been  simplified  by  Dr  Paris. 
lical  Jurisprudence,  by  Paris  and  Fonblanque.) 
any  animal  and  vegetable  solutions  convert  the  bichloride  of  mer- 
into  calomel,  a  portion  of  muriatic  acid  being  set  free  at  the  same 
Some  substances  efiect  this  change  slowly ;  while  others,  and 
eiaily  albumen,  produce  it  in  an  instant.    Thus,  when  a  solution 
•iTOslve  sublimate  is  mixed  with  albumen,  a  white  flocculent  pre- 
ato  subsides,  which  M.  Orfila  has  shown  to  be  a  compound  of 
nel  and  albumen,  and  which  he  has  proved  experimentally  to  be 
.  (Tozicologie,  vol.  i.)  Consequently,  a  solution  of  the  white  of 
is  an  antidote  to  poisoning  by  corrosive  sublimate. 
uftoehloride, — ^The  protocbloride  of  mercury,  or  calomel,  is  always 
rated  when  chlorine  comes  in  contact  with  mercury  at  common 
lerafures.    It  may  be  made  by  precipitation,  by  mixing  muriatic 
or  any  soluble  muriate  with  a  solution  of  the  protonitrate  of  mer- 
.     It  Is  more  commonly  prepared  by  sublimation.    This  is  con- 
BDtly  done  by  mixing  272  parts  or  one  equivalent  of  the  bichlo- 
with  200  parts  or  one  equivalent  of  mercury,  until  the  metallic 
ales  entirely  disappear,  and  then  subliming.    When  first  prepared 
always  mixed  with  some  corrosive  sublimate,  and  therefore  snould 
rduced  to  powder  and  well  washed  before  being  employed  for 
nical  or  medical  purposes. 

le  protocbloride  of  mercury  is  a  rare  mineral  production,  called 
I  quiek$iherf  which  occurs  crystallized  in  quadrangular  prisms, 
ioated  by  pyramids.  When  obtained  by  sublimation  it  is  in  semi- 
iparent  crystalline  cakes ;  but  as  formed  by  precipitation,  it  is  a 
:e  powder,  its  density  is  7.2.  It  is  distinguished  from  the  bi- 
rlde  by  not  beinr  poisonous,  by  having  no  taste,  and  by  bein^  ex.- 
liocty  insoluble  in  water.  Acids  have  litUe  effecV  >ivfktk\V\>H^N. 
tiSalles  decompose  it,  septrating  the  black  proloxid^  «\  isi«tc;^t^ 
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mtfKithg  with  muriatic  idd, — product!  ndich  necenuily  qQEfc 
'tm «lpl»Wtinn  orwalcr.    When  ealojoel  ■■  boiled  In  a  saluUooonE, 

MHiUle  iMMary.    Miuiate  of  udi  ht»  a  aimihT  effect,  tbough  Iti 

lldWfl  tf"  Wirrrnry — The  praliodlde  is  Conned  by  miilng  awb- 
flio  o[  tha  piolODitra'le  of  mereur;  wiih  Ihe  hydtiodate  d(  poUsB; 
•■d  the  deuliodiJe,  by  the  action  of  the  same  hydciadate  dd  any  pti- 
wll  or  iDCicury.  The  Tormer  ii  yellow,  and  ia  CDiupoBeJ  oToOi 
«^iTaleiit  or  iodine  and  OLe  equivaleol  of  meicury.  The  athec  i>  if 
•■  eiceedidgly  cich  red  colour,  and  may  be  uaed  nith  BdvsalijD  in 
piinling.  It  containB  twice  as  inu«h  iodine  an  the  yellow  iodiik. 
Both  tlieie  compaundi  are  inaoluble  in  pure  water,  but  aie  diswlved 
bf  a  Bolulion  of  the  hydrladale  ofpataaw. 

Bicyanurel  o/Mercuiji. — This  coaipouiid  ia  Ijest  preparedly  l»il' 
he,  ill  any  coDvenieul  qunntity^r  water,  eight  parts  ef  finely  leiuit 
•Tferrocyanile  of  the  peroxide  of  Iron,  quite  pure  and  nelldriHlw 

■  ■and  balh,  with  eleven  paiu  of  the  peroxide  of  mercury  in  pstxiDi 
OMtil  the  blue  ealourofihe  ferracyanB,[B  entirely  di^appearf.  Aeolaiu- 
Ina  lolution  is  formed,  which,  when  filtered  aod  coDcaslrileil  by  inr 
IWraiion,  yields  crystals  of  blcyanUTel  nfmercury  ia  the  iorni  of  quad- 
nDfrularpriami.  In  this  process,  theoiygen  of  the  oxideofmeicuTyuailei 
With  the  iron  aad  bydmgen  of  the  feirocyantc  acid  ;  nhilE  the  metallit 
Dercury  enlera  Into  combination  wilh  the  cyanogen.  The  brown  in- 
■alubto  matter  is  pcroiide  of  iron.  Pure  lerrocyanate  of  iron  iieisily 
piorored  by  digesiing  common  Prueeian  blue  of  commeJceBilhUHiiia- 
tlc  acid  diJuled  with  ten  parts  of  water,  so  be  to  remove  tbe  snbtd- 
phaie  of  iron  and  alumina  and  other  impuritiee  which  it  sotUBMl) 
contains,  atid  then  edulcorating  Ihe  Insoluble  feirocyanate  till  llielrH 
acid  is  removed.  iEdinburgh  Jouroal  of  Science,  No-  x.) 

The  bicyanuret  of  mercury,  when  puie,ia  colourleBaandlattaM  j 
has  a  very  disagreeable  metallic  taele,  and  ia  highly  poJsllMi  -■  : 
doea  not  affect  the  colour  of  litmus  or  turmeric  paper.  WbM«Mri| 
boated  itis  converted  into  cvanogen  and  metallic  mercury.  [hf^M 
II  is  more  soluble  in  hot  (ban  in  cold  water,  and  diesolves  ilM 
iquld  without  change.  The  aolotion  hna  not  the charactadHic ofw 
of  the  salts  of  hydrocyanic  acid,  nor  do  alkalies  throw  doHn^filljk 
of  mercury.  It  is  composed  of  200  parts  or  one  nqtlivalenl  oiftMlW^ 
Uid  B2  parts  Or  two  equlialents  ofc^snogen.  ,     . 

Sulphureti  of  Mercury. — Tha  pwitosulphuret  ofmercary  wjl* 
pcepaied  by  transmitting  a  cutieot  of  sulphuretted  bydrogeo  (■>  ' 
Ibrough  a  dilute  solution  oflbeptotonitrate  of  mercury,  orlhroi^hinlB  ! 
In  which  calomel  la  suspended.  Ilia  a  black-coloured  au  bs  lance,  t*  ^ 
Verllble  iolo  the  sulphate  of  mercury  by  digesiioQ  in  strong  niutc  Mi''  < 
When  eiposed  to  heat,  il  ia  tesolve  J  into  iLe  bisulphuret  and  miBlIt    J 

■  ercuiy,     It  is  composed  of  2U0.paita  or  one  equivnlenlof  mcMIQi    } 
and  16  parts  or  one  equivalent  of  sulphur.  t 

The  bisulphuTEt  is  formed  by  fu!)n)[  sulphur  wilh  about  six  !■)«  ^ 
ilB  weight  of  mercury,  and  aublimipg  In  close  vessels.  When  ptons;  » 
•d  by  lliie  ptocesa  it  baa  a  red  colour,  and  ia  known  by  tbe  Da«''  ( 
ybciijious  einiiator.  Its  tint  is  greatly  improved  by  being  radun*  >l 
to  powder,  in  which  stale  it  forma  the  beautiful  pigment  teraiUi*  '  \ 
It  maybe  obtained  in  tbe  moist  way  by  pouring  a  solution  ofcomui"  [ 
mblimale  into  an  exceaa  of  bydrosulphuret  of  ammonia.  AUackpn-  n 
ClplIaIeeubBldeB,«UGb&ii(vuices  the  usual  red  colour  of  dniubarwtH  i 'j 
^.mblimed.     1  appceliBiad  (li« U&cV ^ iacv)\\UA ^mul by  Ibe  ulisoH  k, 
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itted  hydrogen  on  bicyanaret  of  mercury,  is  likewise  a  bi- 
Bt.  Cinnabar,  as  already  mentioned,  occurs  native. 
I  equal  parts  of  sulphur  and  mercury  are  triturated  together 
)tallic  globules  cease  to  be  visible,  the  dark  coloured  mass  call- 
ps  mineral  results,  which  Mr  Brande  has  proved  to  be  a  mix- 
mli^bur  and  bisulpburet  of  mercury.  (Journal  of  Science,  vol. 

294.) 

tbar  is  not  attacked  by  alkalies,  or  any  simple  acid ;  but  it  is 
d  by  the  nitro-muriatic  acid,  with  formation  of  sulphuric  acid 

oxide  of  mercury.    M.  Guibourt  has  shown  that  it  is  com- 
f  one  equivalent  of  mercury  and  two  equivalents  of  sulphur*. 


SECTION  XXIII. 


SILVER, 

metal  frequently  occurs  native  in  silver  mines,  both  massive 
tctahedral  or  cubic  crystals.  It  is  also  found  in  combination 
reral  other  metals,  such  as  gold,  antimony,  copper,  and  arsenic, 
ti  sulphur. 

silver  may  be  obtained  for  chemi  cal  purposes  by  placing  a 
ece  of  copper  in  a  solution  of  the  nitrate  of  silver,  washing  the 
ited  metal  with  pure  water,  and  then  digesting  it  in  ammonia, 
:  to  remove  any  adhering  copper.  It  may  also  be  prepared 
)  chloride  of  silver,  either  by  exposing  that  compound  mixed 
)ure  or  carbonated  alkali  to  a  strong  heat  in  a  black  lead  cruci- 
ly  transmitting  over  it  a  current  of  hydrogen  gas,  when  heat> 
dDessin  a  tube  of  porcelain. 

has  the  clearest  white  colour  of  all  the  metals,  and  is  suscep- 
receiving  a  lustre  surpassed  only  by  polished  steel.  In  mal- 
and  ductility,  it  is  inferior  only  to  gold,  and  its  tenacity  is  con- 
3.  It  is  very  soft  when  pure,  so  that  it  may  be  cut  with  a 
lU  density  after  being  hammered  is  10.51.  At  20°  or  22^  of 
ood*8  pyrometer  it  fuses. 

silver  does  not  rust  by  exposure  to  air  and  moisture,  nor  is  it 
I  by  fusion  in  open  vessels.  It  appears,  indeed,  that  a  film  of 
t  formed  when  melted  silver  is  exposed  to  a  current  of  air  or 
fl»8 ;  but  it  spontaneously  parts  with  the  oxygen  as  it  becomes 
When  silver  in  the  form  of  leaves  or  fine  wire  is  intensely 
>y  means  of  electricity,  galvanism,  or  the  oxy-hydrogen  blow- 
burns  with  vivid  scintillations  of  a  greenish-white  colour. 
idIv  pure  acids  that  act  on  silver  are  the  sulphuric  and  nitric 
y  both  of  which  it  is  oxidized,  forming  with  the  first  a  sul- 
ind  with  the  second,  a  nitrate  of  silver.  It  is  not  attacked  by 
c  acid  unless  by  the  aid  of  heat.  Nitric  acid  is  its  proper  sol- 
id forms  with  it  a  salt,  which,  in  its  fused  state,  is  known  by 
le  of  lunar  etnutie, 
s  of  Silver. — The  oxide  of  silver  is  best  procured  by  mixing 


.  de  Ch.  et  de  Ph.  vol.  1.    See  also  some  very  judiclooi  ob- 
Ds  on  the  paper  of  M.  Guibourt  by  Mi  Bi«Qd««  Va  Vtift  ^^^tuiX 
tee,  xwUi,  291, 
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a  tolation  of  pure  btiyU  with  nltnte  of  tkiwet  diMoWed  in  wtter. 
Thif  oxide  i«  of  a  brown  colour,  insoluble  in  water»  ind  is  complettl^    I 
reduced  by  a  red  heat.    According  to  Sir  H.  Davy,  it  is  composed  ef 
110  parts  of  silver  and  8  parts  of  ozyji^n;  and,  therefore,  regai^ngU 
as  the  real  protoxide,  110  is  the  atomic  weight  of  silver. 

The  oxide  of  silver  Is  separated  from  its  solution  in  nits' .  add,  by 
pure  alkalies  and  alkaline  earths,  as  the  brown  oxide,  whicd  is  redii- 
solved  by  ammonia  in  excess;  by  alkaline  carbonates  as  a  white  car- 
bonate, which  is  soluble  in  an  excess  of  the  carbonate  of  ammoBii; 
as  a  dark  brown  sulphuret  by  sulphuretted  hydrogen ;  and  as  a  white 
curdy  chloride  of  silver,  which  is  turned  Yioiet  by  light,  and  is  voy 
soluble  in  ammonia,  by  muriatic  acid  or  any  soluble  muriate.  By  tM 
last  character,  silver  may  be  both  distinguished  and  separated  fifOD 
other  metallic  bodies. 

Silver  is  precipitated  in  the  metallic  state  by  most  other  metils. 
IfVhen  mercury  is  employed  for  this  purpose,  the  silver  assumei  a 
beautiful  arborescent  appearance,  called  arbor  Diana,  A  very  good 
proportion  for  the  experiment  is  twenty  grains  of  lunar  caustic  to  six 
drachms  or  an  ounce  of  water.  The  silver  thus  deposited  aii^ays 
contains  mercury. 

When  the  oxide  of  silver,  recently  precipitated  by  baiyta  or  lime- 
water,  and  separated  from  adhering  moisture  by  bibulous  paper,  is  left 
in  contact  for  ten  or  twelve  hours  with  a  strong  solution  of  ammoDia, 
the  greater  part  of  it  is  dissolved ;  but  a  black  ^powder  remains  which 
detonates  violently  from  heat  or  percussion.  This  substance,  which 
was  (Hscovered  by  Dcrthollet,  (An.  de  Chimie,  vol.  i.),  appears  to  be 
a  compound  of  ammonia  and  oxide  of  silver;  for  the  products  of  its 
detonation  are  metallic  silver,  water,  and  nitrogen  gas.  It  should  be 
made  in  very  small  quantity  at  a  time,  and  dried  spontaneously  in 
the  air. 

On  exposing  a  solution  of  the  oxide  of  silver  in  ammonia  to  the  air, 
its  surface  becomes  covered  with  a  pellicle,  which  Mr  Faraday  coosi* 
ders  to  be  an  oxide  containing  a  smaller  proportion  of  oxygeo  thin 
that  just  described.  This  opinion  he  has  made  highly  probable;  but 
further  experiments  are  requisite  before  the  existence  of  this  oxide 
can  he  regarded  as  certain. 

Chloride  of  Silver. — This  compound,  which  sometimes  occurs  ni- 
tive  in  silver  mines,  is  always  generated  when  silver  is  heated  inchlo* 
rine  gas,  and  may  be  prepared  conveniently  by  mixing  muriatic  acid, 
or  any  soluble  muriate,  with  a  solution  of  the  nitrate  of  silver.   As 
formed  by  precipitation  it  is  quite  white ;  but  by  exposure  to  the  direct 
solar  rays,  it  becomes  violet,  and  almost  black,  in  the  course  of  a  few    I 
minutes ;  and  a  similar  effect  is  slowly  produced  by  diffused  day-light<    j 
Muriatic  acid  is  set  free  during  this  change,  and,  according  to  Bertbol*    I 
let,  the  dark  colour  is  owing  to  a  separation  of  the  oxide  of  silver. 
(Statique  Chiroiquc,  vol.  i.  p.  193.) 

The  chloride  of  silvery  sometimes  called  luna  cornea  or  hormilter, 
is  insoluble  in  water,  and  is  dissolved  very  sparingly  by  the  strongest 
acids ;  but  it  is  soluble  in  ammonia.  Hyposulphurous  acid  likewise 
dissolves  it.  At  a  tempemture  of  about  SOC"  F.  it  fuses,  and  forms  t 
semi-transparent  homy  mass  on  cooling-  It  bears  any  degree  of  heat, 
or  even  the  combined  action  of  pure  charcoal  and  heat,  without  de- 
composition ;  but  hydrogen  gas  decomposes  it  readily  with  formation 
of  muriatic  acid.  According  to  the  experiments  of  Berzelius  sod  Dr 
Thomson,  it  is  composed  of  110  parts  or  one  equivalent  of  silver,  and 
86  parts  or  one  equivaVenl  ol  c\AotVcA. 
Iodide  of  Silver, — 'TVus  com^o^ii^\%^vnsi^  ^viVac^  ^Oda  Vi<^dnodate 
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M  is  mixed  with  a  solution  of  the  nitrate  of  silver.  It  is  of  a 
hyellow  colour,  is  insoluble  in  water  and  ammonia,  and  con- 
e  equivalent  of  each  of  its  elements. 

tMret  of  Silver  is  formed  by  mixing  hydrocyanic  acid  with 
>f  silver.  It  is  a  white  curdy  substance,  similar  in  appearance 
hloride  of  silver,  insoluble  in  water  and  nitric  acid,  and  soluble 
ition  of  ammonia.  It  is  decomposed  by  muriatic  acid  with 
in  of  hydrocyanic  acid  and  chloride  of  silver.  It  consists  of 
livalent  of  each  of  its  elements. 

hwet  ofJSiher, — Silver  has  a  strong  affinity  for  sulphur.  This 
irnishes  rapidly  when  exposed  to  an  atmosphere  containing 
3(ted  hydrogen  gas,  owing  to  the  formation  of  a  sulphuret. 
ismitting  a  current  of  sulphuretted  hydrogen  gas  through  a 
of  lunar  caustic,  a  dark  brown  precipitate  subsides,  which  is 
iret  of  silver.  The  silver  glance  of  mineralogists  is  a  similar 
md,  and  the  same  sulphuret  may  be  prepared  by  heating  thin 
f  silver  with  alternate  layers  of  sulphur, 
sulphuret  of  silver,  according  to  the  experiments  of  Berzelios, 
apound  of  110  parts  or  one  equivalent  of  silver,  and  16  parts 
iqulvalent  of  sulphur. 


SECTION  XXIV. 

GOLD, 

has  hitherto  been  found  only  in  the  metallic  state,  either  pure 
mbination  with  other  metals.  It  occurs  massive,  capillary,  in 
and  crystallized  in  octahedrons  and  cubes,  or  their  allied 

It  is  sometimes  found  in  primary  mountains ;  but  more  fre- 
in  alluvial  depositions,  especially  among  sand  in  the  beds  of 
having  been  washed  by  water  out  of  disintegrated  rodcs  in 
t  originally  existed. 

is  the  only  metal  which  has  a  yellow  colour,  a  character  by 
t  is  distinguished  from  all  other  simple  metallic  bodies.    It  is 

of  receiving  a  high  lustre  by  polishing,  but  is  inferior  in 
sy  to  steel,  silver,  and  mercury.  In  ductility  and  malleability, 
ids  all  other  metals ;  but  it  is  surpassed  by  several  in  tenacity. 
utyisl9.8.    When  pure  it  is  exceedingly  soft  and  flexible. 

at  32**  of  Wedgwood's  pyrometer. 

may  be  exposed  for  ages  to  air  and  moisture  without  change. 
It  oxidized  by  being  kept  in  a  state  of  fusion  in  open  vessSs. 
intensely  ignited  by  means  of  electricity  or  the  oxy-hydrogen 
le,  it  bums  with  a  greenish-blue  flame,  and  is  dissipated  in  the 
a  purple  powder,  which  is  supposed  to  be  an  oxide. 
is  not  oxidized  or  dissolved  by  any  of  the  pure  acids ;  for  it  may 
id  even  in  nitric  acid  without  undergoing  any  change.  Its  only 
s  are  chlorine  and  nitro-muriatic  atid ;  and  it  appears  from  the 
tions  of  Sir  H.  Davy,  that  chlorine  is  the  agent  in  both  cases, 
tie  nitro-muriatic  acid  does  not  dissolve  gold,  except  when  it 
ise  to  the  fermation  of  chlorine.  (Page  201.)  It  is  to  be 
,  therefore,  that  the  chlorine  unites  directly  with  the  ^<^Vi. 
)r  the  resulting  solution  is  really  a  cb&onde  ot  i)[k^  m^Vi\^Qk\  ^ 

of  iU  oxide,  g eqen^ted  by  ^e  deco.iii\^(»\^q(!Ok  ^l  ^\\)b.\«  \» 


an  Oouu 

oneertein ;  Imt  from  raciiit  oboemtiMMi  tf  .IL  FAtfar,  wUch  «■ 
te  OMiittooed  immediately,  I  eoaetiw  Aa  ffni— r  ofialoii  to  b*  te 
more  probable.  There  la  no  iiicoBVMlMBee»  ho«r«fir.  In  npfdtag  k 
••  a  muriate,  beeanae  reagenta  aet  upoo  It  w  if  H  won  audi. 

The  moat  cooTenlent  method  of  fonnlnf  aaohillMi  of  gold  b  to dl^ 
feat  fragmente  of  the  metal  in  a  mlztiwe  compoeed  of  two  meamm 
of  mufiatie  and  one  of  niuie  add,  aotil  the  add  la  aatontad.  Tbi 
orange-eoloured  aolvtlon  la  then  erapoiatad  to  dijuuaa  bj  a  lagihUi 
heat,  in  order  to  expel  the  free  aeld  wIthaQt  dacompoainc  liia  nttd 
chloride  of  gold.  On  addins  water,  tba  ddoilde  la  dlaacdfod.  fMiri*| 
a  neutral  aolotion  of  a  reddiab-brown  coloor. 

OxUUi  of  Gold.— -The  chemical  hlatofy  of  the  oildaa  of  gsUliw 

J  ret  Yeiyimperfecr.  BeneUua  ia  of  opinion  that  tkera  aia  tamaw:* 
dea.  Hia  protoxide  ia  obtained  by  decomnodng  the  protoi^Mdt  if 
Sold  by  a  aoiution  of  pure  potama,  and  to  or  a  daik  gioao  colof  .  Ha 
eotozide  or  purple  oxide  la  the  product  of  the  combaatfon  of  foli 
The  eompofltion  of  theae  oxidea  baa  not  yet  boon  aatldactori^  <•■ 
termlned,  add  the  Yeiy  exiatence  of  the  niat,  thong^  piobaUa^  uvf 
be  queationed.  The  only  well-known  oxide  to  that  whfefa  to  mapaiad 
to  exiit  in  the  solution  of  gold  combined  with  murtotic  addi  b  any 
be  prepared  by  mixing  with  a  concentrated  neatnl  aohitki  of  cold  a 
quuitity  of  pure  potassa,  exactly  sufficient  for  combtatag  win  the 
muriatic  acid.  A  reddi^-veltow  coloured  proclpiteta,  ni  bydnrai 
peroxide,  subsides,  which  is  rendered  anhydroua  by  botfl^  tnd  as- 
sumes a  brownlsh-black  colour*.  The  best  method  of  formmg  it,  ae- 
cordiog  to  M.  Pelletier,  is  by  digesting  the  muriate  with  pure  magoe- 
sia,  washing  (he  precipitate  with  water,  and  remoying  the  excess  of 
magnesia  by  dilute  nitric  acid. 

The  peroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  nearly 
black  when  pure,  is  insoluble  in  water,  and  completely  decomposed 
by  solar  light  or  a  red  heat.  Muriatic  acid  dissolvea  it  readily,  yield- 
ing the  common  solution  of  gold ;  but  it  forms  no  definite  componad 
with  any  acid  which  contains  oxygen.  It  may  indeed  be  dissdred 
by  the  nitric  and  sulphuric  acids ;  but  the  affinity  is  so  slight  llut  the 
oxide  is  precipitated  by  the  addition  of  water.  It  combines,  on  tbe 
contrary,  with  alkaline  bases,  such  as  potassa  and  baryta,  apparently 
forming  regular  salts,  in  which  it  acts  the  part  of  a  weak  add.  T%ese 
circumstances  have  induced  M.  Pelletier  to  deny  that  the  peroxide  if 
a  salifiable  base,  and  to  contend  that  tbe  muriatic  solution  of  gold  if 
in  reality  a  chloride  of  the  metal.  On  this  supposition,  he  proposei 
the  term  auric  acid  for  the  peroxide  of  gold,  and  to  its  compound  witk 
alkalies  he  gives  the  denomination  of  aurates. 

The  peroxide  of  gold  is  thrown  down  of  a  yellow  colour  by  ammeaiai 
and  the  precipitate  is  an  aurate  of  that  alkali.  It  to  a  highly  detona- 
ting compound,  analogous  to  the  fulminating  silver  described  to  tto 
last  section. 

As  chemists  are  but  imperfectly  acquainted  with  the  number  aad 
composition  of  the  oxides  of  gold,  it  is  at  present  impossibte  to  dele^ 
mine  the  atomic  weight  of  this  metal  in  a  satisfactory  manner.  Ac- 
cording to  Berzeliusf,  100  parts  of  gold  unite  with  12.077,  according 
to  Oberkampft  ^i<h  10.01,  and  according  to  Pelletier  with  10.08  parts 
of  oxygen  to  constitute  the  peroxide.    M.  Javal§  has  more  recently 


*  M.  Pelletier  in  the  An.  de  Ch.  et  do  Ph.  vol.  xv. 
f  An  de  Ch.  vol.  IxxidW.  \  Ibid.  Ixxx. 

9  An.  de  Ch,  et  de  Ph.  vo\.  xn\V« 
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Analyzed  the  oxide  of  gold,  and  finds  that  the  proportion  stated  by 
Beizelliis  is  very  near  the  truth.  If  we  adopt  the  numbers  given  by 
this  chemist,  and  regard  the  peroxide  as  containing  three  equivalents 
of  oxygen  to  one  of  metal,  200  will  be  the  atomic  weight  of  gold,  and 
224  the  equivalent  of  its  oxide.  This  view  is  supported  by  the  exper- 
iments of  Dr  Thomson. 

ClUorides  of  Oold. — On  concentrating  the  solution  of  gold  to  a 
sufficient  extent  by  evaporation,  the  percnloride  may  be  obtained  in 
red  prismatic  emtals,  which  become  brown  when  brought  to  perfect 
dryness.  It  denqoeaces  on  exposure  to  the  air,  and  is  dissolved  readi« 
iy  by  water  without  residue.  At  a  temperature  far  below  that  of  red- 
ness, it  is  converted,  with  evolution  of  two-thirds  of  its  chlorine,  into 
the  yellow  insoluble  protochloride,  from  which  the  chlorine  is  entirely 
expelled  by  a  red  heat.  This  protochloride  is  converted,  by  being 
boiled  in  water,  into  the  soluble  perchloride  and  metallic  gold. 

The  compodtion  of  the  chlorides  of  cold  was  Investigated  by  Ber- 
zelios  and  Pelletier ;  but  the  results  of  their  analyses  are  so  very  dis- 
cordant, that  no  satisfactory  conclusion  can  be  drawn  from  them. 

The  solution  of  gold  is  decomposed  by  substances  which  have  a 
strong  affinity  for  oxygen.  On  adding  protosulphate  of  Iron  dissolv- 
ed in  water,  the  iron  is  oxidized  to  a  maximum,  and  a  copious  brown 
precipitate  subsides,  which  is  metallic  gold  in  a  state  of  very  minute 
division.  This  precipitate,  when  duly  washed  with  dilute  muriatic 
tdd,  in  order  to  separate  adhering  iron,  is  gold  in  a  state  of  perfect 
purity.  A  similar  reduction  is  effected  by  most  of  the  metals,  and  by 
sulphurous  and  phosphorous  acids.  When  a  piece  of  charcoal  is  im- 
mersed in  the  solution  of  gold,  and  exposed  to  the  direct  solar  rays, 
its  surface  acquires  a  boating  of  metallic  gold ;  and  ribands  may  be 
rilded  by  moistening  them  "with  a  dilute  solution  of  gold,  and  expos- 
ing them  to  a  current  of  hydrogen  or  phosphuretted  hydrogen  gas. 
mien  a  strong  aqueous  solution  of  gold  is  shaken  in  a  phial  with  an 
equal  Tolume  of  pure  ether,  two  fluids  result,  the  lighter  of  which  is 
tn  ethereal  solution  of  gold.  From  this  liquid  flakes  of  metal  are  de- 
posited on  standing,  especially  by  exposure  to  light,  and  substances 
moistened  with  it  receive  a  coating  of  metallic  gold*. 

When  the  protomurlate  of  tin  is  added  to  a  dilute  aqueous  solution 
of  gold,  a  purple -coloured  precipitate,  called  the  purple  of  Cassius, 
is  thrown  down,  which  Is  the  substance  employed  in  painting  on 
porcelain  for  giving  a  pink  colour.  It  appears  to  be  a  compound  of 
the  peroxide  of  tin  and  the  purple  oxide  of  gold,  in  which  the  former 
is  supposed  to  act  as  an  acid. 

Sulphuret  of  Gold. — On  transmitting  a  current  of  sulphuretted  hy- 
drogen gas  through  a  solution  of  gold,  a  black  precipitate  is  formed, 
which  is  a  sulphuret.  It  is  resolved  by  a  red  heat  into  gold  and 
sulphur,  and  appears  from  the  analysis  of  Oberkampf  to  be  composed 
of  200  parts  or  one  equivalent  of  gold,  and  48  parts  or  three  equivalents 
of  sulphur. 

The  compounds  of  gold  with  the  other  non-metallic  bodies  have 
been  little  examined. 


*  With  respect  to  the  revival  of  gold  from  its  solutions,  the  reader 
may  consult  an  Essay  on  Combustion,  by  Mrs  Fulhame,  and  a  paper 
by  Count  Rumford  in  the  Philosophical  Transactions  for  1798. 
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SECTION  XXT. 

PLATWUM. 

Thif  Ttluable  metel  ocean  ooly  in  tbe  matelttc  sUto,  awocigiri 
or  eombtned  with  Tirioiis  other  metali»  raeh  u  eopper»  iroBi  Mb 
gold,  tihrer,  pan»diom,  rhodium,  ofmiiUD*  tod  iridiiiiii.  II  huUAV' 
to  beeo  found  chiefly  in  Brazil,  Peru,  and  otlieir  parte  of  Soirih 
America,  in  the  form  of  rounded  or  flattened  graine  of  a  metaHie  Me 
end  i^ite  coloor,  mixed  with  sand  and  ouer  aHuvial  depedtioai. 
iTwo  yean  ago,  however,  M.  Bouasingaalt  diaeoveved  it  in  a  lyHailii 
rock  in  (he  province  of  Antioqula  in  South  America,  where  it  oeoef 
in  veini  associated  with  gold.  Rich  mines  of  gold  and  platinoB  Imf 
also  been  recently  discovered  In  the  Urallan  moontaina.  (Bdlnfiaigli 
Journal  of  Science,  No.  z.) 

Pore  platinum  has  a  white  colour  very  much  like  aBver,  M  of  fai- 
fnior  lustre.  It  is  the  heaviest  of  known  metals.  Its  daiMitv  beiag 
about  21.5.  Its  malleability  Is  considerable,  fhoogh  fiur  M  ftin  that 
of  Kold  and  silver.  It  may  be  dnwn  Into  wires,  the  dMater  of 
which  does  not  exceed  the  2000th  part  of  an  indi.  It  is  a  ssftnetal, 
and,  like  iron,  admits  of  being  welded  at  a  high  tempentme.  Dr 
Wollaston  has  observed  that  it  is  a  less  perfect  conductor  of  cslorie 
than  most  other  metals. 

Platinum  undergoes  no  change  from  the  combined  agency  of  tir 
and  moisture ;  and  it  may  be  exposed  to  the  strongest  beat  of  a 
smith's  forge  without  suffering  either  oxidation  or  fusion.  On  heatiiig 
a  small  wire  of  it  by  means  of  galvanism  or  the  ozy-hydrogen  blow; 
pipe,  it  is  fused,  and  afterwards  burns  with  tbe  emission  of  spuksl 
The  late  Mr  Smithson  Tennant  showed  that  it  is  oxidized  wbeo  in- 
inted  with  nitre,  (Philos.  Trans,  for  1797);  and  a  si milar  effect  is  oc-' 
casioned  by  pure  potassa  and  litbia. 

Platinum  is  not  attacked  by  any  of  the  pure  acids.  Its  only  solventt 
are  chlorine  and  nitro-muriatic  acid,  which  act  upon  it  with  gretter 
difficulty  than  on  gold.  The  resulting  oranee-red  coloured  Uquid, 
from  which  the  excess  of  acid  should  be  expelled  by  cautious  evapo- 
ration, may  be  regarded  as  containing  either  the  chloride  of  platiouDi 
or  the  muriate  of  its  oxide. 

Oxides  ofPlaHnum, — ^According  to  Berzelius,  there  are  two  ozidei 
of  platinum,  the  oxygen  of  which  is  in  the  ratio  of  1  to  2*.  The  prot- 
oxide is  prepared  by  (he  action  of  potassa  on  the  protochloride  of  pit* 
tinum.  It  is  of  a  black  colour,  is  reduced  by  a  red  heat,  and  is  com- 
posed of  96.6  parts  of  platinum,  and  8  parts  of  oxygen.  Now,  Dr 
Thomson  infers  from  his  researches,  that  96  is  the  atomic  weight  of 
platinum,  from  which  it  is  probable  that  the  two  oxides  of  Betzeliai 
are  thus  constituted : — 

Platinum,  Oxygen. 

Protoxide  .96  .  .  .  8 

Peroxide  .        96  ...  16 

Tfie  peroxide  V\%s  Tio\  Yv\VYiet\o  \)««ci  Cb\A^xA.d  in  a  perfectly  puis 
state.    Berzelius  supposea  \V.  to  «x\&\.V(i  V^i«  xfiraxvAXA  ^\.  '^^asoeKQaa^^Mttr 
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)ined  with  muriatic  add ;  and  Dr  Thomson  states  that  it  is  contained 
in  the  sulphate  of  platinum. 

Another  oxide  was  described  by  Mr  E.  Davy  in  the  Philosophical 
Transactions  for  1820.  It  is  of  a  gray  colour,  and  Is  prepared  by  heat- 
ing fulminating  platinum  with  nitrous  acid.  It  appears  from  his  ana- 
ysis  to  be  composed  of  96  parts  or  one  equivalent  of  platinum,  and 
12  parts  or  an  equivalent  and  a  half  of  oxygen.  Mr  Cooper  has  Uke- 
pvise  described  an  oxide  of  platinum;  but  its  existence  as  a  definite 
compound,  distinct  from  those  above  described,  has  not,  I  conceive, 
t>eeii  satisfactorily  demonstrated. 

Chloride»  of  Platinum, — The  perchloride  is  procured  by  evapo- 
ratiog  the  muriate  of  platinum  to  dryness  at  a  gentle  heat.  It  is  de- 
liquescent, and  is  soluble  in  water,  alcohol,  and  ether.  The  ethereal 
BoIutioD  is  decomposed  by  the  agency  of  light,  metallic  platinum  being 
deposited.  It  is  probable  from  the  analysis  of  the  double  chloride  of 
potassium  and  platinum  by  Dr  Thomson  and  Berzelius,  that  the  per- 
chloride of  platinum  is  composed  of  96  parts  or  one  equivalent  of  me- 
tal, to  72  parts  or  two  equivalents  of  chlorine ;  but  this  inference  re- 
quires confirmation. 

When  the  perchloride  is  strongly  heated,  it  parts  with  some  of  its 
chlorine,  and  is  converted  into  a  protochloride,  which  is  resolved  by  a 
red  heat  into  platinum  and  chlorine. 

Platinum  is  distinguished  from  all  other  substances  by  the  following 
circumstances.  When  pure  potassa  or  a  salt  of  potassa  is  added  to  a 
concentrated  solution  of  platinum,  a  yellow  crystalline  precipitate 
subsides,  which  is  very  sparingly  soluble  In  water.  When  heated  to 
fiill  redness,  chlorine  gas  is  disengaged,  and  the  residue  consists  of 
metallic  platinum  and  the  chloride  of  potassium.  According  to  the 
analysis  of  Thomson,  it  is  composed  of 

Bichloride  of  platinum  .        16S  or  one  equivalent. 

Chloride  of  potassium  .  76  or  one  equivalent. 

Ammonia  or  its  salts  produce  a  similar  precipitate,  which  is  com- 
posed according  to  Dr  Thomson  of 

Bichloride  of  platinum  .        168  or  one  equivalent. 

Muriate  of  ammonia  .  54  or  one  equivalent.    . 

When  this  compound,  which  is  generally  called  the  muriate  of  j)/a- 
Unum  and  ammonia,  is  heated  to  redness,  chlorine  and  muriate  of 
ammonia  are  evolved,  and  pure  platinum  remains  in  the  form  of  a  del- 
icate spongy  mass,  the  power  of  which  in  kindling  an  explosive  mix- 
ture of  oxygen  and  hydrogen  gases  has  already  been  mentioned. 
(Page  142.)  This  salt  affords  an  easy  method  of  procuring  platinum 
ID  a  metallic  state,  and  of  separating  It  from  other  metals. 

Soda  forms  with  muriate  of  platinum  a  double  salt,  which  is  soluble 
in  water  and  alcohol,  and  crystallizes  in  flattened,  oblique,  four-sided 
prisms  of  an  orange-red  colour.  According  to  Dr  Thomson,  it  is  a 
compound  of  one  equivalent  of  the  bichloride  of  platinum,  one  equi- 
valent of  the  chloride  of  sodium,  and  eight  equivalents  of  water. 

Sulphur et  ofPlatinum* — When  sulphuretted  hydrogen  gas  is  trans- 
mitted through  a  solution  of  muriate  of  platinum,  a  black  precipitate  is 
thrown  down,  which  Vauquelin  regards  as  a  hydrosulphuret  of  the 
oxide  of  platinum.    It  absorbs  oxygen  from  the  air  while  in  a  moUl 
state,  giving  rise  to  the  formation  of  sulphuric  acid.    IVs  com^^^VCL^ii 
has  not  been  determioed  with  accuracy. 

A  black  Bulphuret  of  platinum  was  procured  \iV  Mt'E^.Ti^'^1  Vi 
beating  the  metal  with  sulphur,  and  YauqueVm  obl^m^di  -a^  «vtk^'».^ 
compound  by  Igniting  the  yeUow  muriate  of  plaUuum  wi^  ^.mxtvwjSi 
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dMiDlfti,  it  conttlnt  about  16  per  cent  of  MlpiMfc 

Tho  hydiMuloliqret  of  platlD«ai  b  coayorted  kv  4b«  MtioB  ofokiie 
■eld  into  a  fuiiphato  wbteh  pamiin  iMMikifito  pwpoitlM.  Oi 
bolting  it  in  itiong  ulcohol*  a  black  powder  io  ppoclpitated,  vMeb 
eooiittf ,  according  to  Mr  fi.  Davy,  of  M  per  coM  of  |ilni—i 
together  with  a  little  oiygen.  nitioiie  aeld,  and  cartes,  llw  iMt  if 
wbidiiiauppoaidto  boacddeataL  When  thie  powdet  ti  flwei  « 
blbvAonf  paper  moiftened  with  aleohoi,  a  etioMg  notion  aocMn^iriii 
with  a  biMing  noise  ens  net,  and  the  ponrder  tacoaae  md'het,  ■! 
continues  to  until  the  alcohol  la  renwiiied,  Thn  eubetaneo  nUA 
mmaini  hi  pore  platinum. 

Fulminating  platinum  may  bo  prepamd  by  the  aeHon  of  amiMriih 
alight  eicees  on  a  aofaMion  of  Mlphato  of,  idattenm.  {E.  Devy^)  It  ii 
anakgouf  to  tho  detonaling  eompounde  whkh  aMmnwh  fiMBf  «tt 
the  oxides  of  gold  and  ollver* 


SECTION  XXVI. 

PALUWIUM.    RHODIUM.    OSMIUM,    OtWIUM. 

The  four  metals  to  be  described  in  this  section  are  all  contifaMd  It 
the  ore  of  platioum,  and  have  hitherto  been  procured  in  Teiy  amH 
quantity.  When  the  ore  is  digested  in  nitro-muriatic  add,  the  phf 
tinum,  together  with  palladium,  rhodium,  iron,  copper,  and  lead,  ii 
dissolved  ;  while  a  black  powder  is  left,  consisting  of  osBdu  isd 
iridium. 

Palladium. 

This  metal  was  discovered  in  1803  by  Dr  Wollaston.*  On  addiB{ 
bicyanuret  of  mercury  dissolved  in  water  to  a  neutral  solution  of  tiie 
ore  of  platinum,  either  before  or  after  the  separation  of  that  metal  iiy 
muriate  of  ammonia,  a  yellowish- white  flocculent  precipiute  if 
gradually  deposited,  which  is  cyanuret  of  palladium.  When  this 
compound  is  heated  to  redness,  the  cjranogen  is.  expelled,  and  p«R 
palladium  remains. 

Palladium  resembles  platinum  in  colour  and  lustre.  It  is  M 
malleable  and  ductile  and  considerably  harder  than  platinam.  ftt 
specific  gravity  varies  from  11.3  to  11.8.  (WoUaston.)  In  fusibility,  it 
is  intermediate  between  gold  and  platinum,  and  is  dissipated  insptiki 
when  intensely  heated  by  the  oxy-hydrogen  blowpipe. 

Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  the 
sulphuric  an^  muriatic  acids  act  upon  it  by  the  aid  of  heat;  bot  fti 
proper  solvent  is  nitro-muriatic  acid.  Its  oxide  forms  beautifbl  le^ 
coloured  salts,  from  which  metallic  palladium  is  precipitated  by  proto- 
sulphate  of  iron,  and  all  the'metals  described  in  the  foregoing  sedioMt 
excepting  silver,  gold,  and  platinum. 

The  oxide  of  palladium  is  precipitated  by  pure  potassa,  ii  ■> 
orange-coloured  hydrate,  which  becomes  black  when  dried,  and  if 
decomposed  by  a  red  beat.  It  consists,  according  to  Befveliaf»  of 
neariy  56  parts  of  palladium  and  8  parts  of  oxygen ;  so  that  66iMmui 
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Analyzed  the  oxide  of  gold,  and  finds  that  the  proportion  stated  by 
BenEelius  is  very  near  the  truth.  If  we  adopt  the  nambers  given  by 
this  chemist,  and  regard  the  peroxide  as  conteining  three  equiralents 
of  oxygen  to  ooe  of  metal,  200  will  be  the  atomic  weight  of  «>ld,  and 
224  the  equivalent  of  its  oxide.  This  view  is  supports  by  the  exper- 
iments of  Dr  Thomson. 

Chlorxdes  of  Qold. — On  concentrating  the  solution  of  gold  to  a 
sufficient  extent  by  evaporation,  the  percnioride  may  be  obtained  in 
-led  prismatic  crystals,  which  become  brown  when  brought  to  perfect 
dryness.  It  deliquesces  on  exposure  to  the  air,  and  is  dissolved  readi- 
ly by  water  without  residue.  At  a  temperature  far  below  that  of  red* 
ness,  it  is  converted,  with  evolution  of  two- thirds  of  its  chlorine,  into 
the  yellow  insoluble  protochloride,  from  which  the  chlorine  is  entirely 
expelled  by  a  red  heat.  This  protochloride  is  converted,  by  being 
boiled  in  water,  into  the  soluble  perchloride  and  metallic  gold. 

The  composition  of  the  chlorides  of  cold  was  investigated  by  Ber- 
■elius  and  Pelletier ;  but  the  results  of  their  analyses  are  so  very  dis« 
cordant,  that  no  satisfactory  conclusion  can  be  drawn  from  them. 

The  solution  of  gold  is  decomposed  by  substances  which  have  a 
•trong  affinity  for  oxygen.  On  adding  protosulphate  of  iron  dissolv- 
ed in  water,  the  iron  is  oxidized  to  a  maximum,  and  a  copious  brown 
precipitate  subsides,  which  is  metallic  gold  in  a  state  of  very  minute 
division.  This  precipitate,  when  duly  washed  with  dilute  muriatic 
acid,  in  order  to  separate  adhering  iron,  is  gold  in  a  state  of  perfect 
purity.  A  similar  reduction  is  effected  by  most  of  the  metals,  and  by 
sulphurous  and  phosphorous  acids.  When  a  piece  of  charcoal  is  im* 
mersed  in  the  solution  of  gold,  and  exposed  to  the  direct  solar  rays, 
its  surface  acquires  a  Coating  of  metallic  gold  ;  and  ribands  may  be 
gilded  by  moistening  them  with  a  dilute  solution  of  gold,  and  expos- 
ing them  to  a  current  of  hydrogen  or  phosphuretted  hydrogen  gas. 
When  a  strong  aqueous  solution  of  gold  is  shaken  in  a  phial  with  an 
equal  volume  of  pure  ether,  two  fluids  result,  the  lighter  of  which  is 
an  ethereal  solution  of  gold.  From  this  liquid  flakes  of  metal  are  de- 
posited on  standing,  especially  by  exposure  to  light,  and  substances 
moistened  with  it  receive  a  coating  of  metallic  gold*. 

When  the  protorauriate  of  tin  is  added  to  a  dilute  aqueous  solution 
of  gold,  a  purple  coloured  precipitate,  called  the  purple  of  Cassius, 
is  thrown  down,  which  is  the  substance  employed  in  painting  on 
porcelain  for  giving  a  pink  colour.  It  appears  to  be  a  compound  of 
the  peroxide  of  tin  and  the  purple  oxide  of  gold,  in  which  the  former 
is  supposed  to  act  as  an  acid. 

Sulphuret  of  Gold. — On  transmitting  a  current  of  sulphuretted  hy- 
drogen gas  through  a  solution  of  gold,  a  black  precipitate  is  formed, 
which  is  a  sulphuret.  It  is  resolved  by  a  red  heat  into  gold  and 
sulphur,  and  appears  from  the  analysis  of  Oberkampf  to  be  composed 
of  200  parts  or  one  equivalent  of  gold,  and  48  parts  or  three  equivalents 
of  sulphur. 

The  compounds  of  gold  with  the  other  non'metallic  bodies  have 
been  little  examined. 


*  With  respect  to  the  revival  of  gold  from  its  solutions,  the  reader 
may  consult  an  Essay  on  Combustion,  by  Mrs  Fulhame,  and  a  paper 
by  Count  "Rumford  in  the  Philosophical  Ttana&cWoTia  lot  Vl^%. 
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mieertthi;  Imt  from  racMt  obtemtiMMi  »f.lLiMtWar,  rnhkh  wl 
te  OModoDed  immedUteiy,  I  eoaetiw  Aa  ffni— r  opioloa  to  be  te 
■Mre  probable.  There  if  no  fncoDYMilBiiee»  hofrvfir*  In  legp^diBf  ft 
••  a  iiiiiriate»  becanee  reageota  aet  upoo  It  ••  If  U'wwe  audi. 

The  moat  cooTenient  method  of  fonnliif  a  aohillMi  of  gold  la  to  dl- 
foat  fragmeoti  of  the  metal  in  a  Ihlztiwo  compoeod  of  two  meaNni 
of  muriatic  and  one  of  nitrie  add,  ootil  tbo  odd  io  aotuatod.  Tbi 
orange-coloured  aolution  is  then  eraporatod  to  dijuuaa  bj  m  mpMd 
heat,  in  order  to  expel  the  free  aeld  withoat  decompoainc  liM  Mttd 
chloride  of  sold.  On  adding  water,  the  ddoilde  ii  dioMiIfod.  fMiri«| 
a  neutral  aolution  of  a  reddiah-brown  colour. 

OxUUi  of  GoM.— >The  chemical  hiatoiy  of  the  oildoo  of  nUiiw 
yet  very  imperfect.  Berzettua  is  of  opinion  that  tbtera  aio  tliiea«« 
idea.    His  protoxide  ia  obtained  by  decompodnc  the  proloddadiaif 

fold  by  a  aolution  of  pure  potama,  and  la  of  a  done  gieop  colow.  Ha 
eutoxide  or  purple  oxide  la  the  product  of  the  eombitlon  of  grii 
The  compofiition  of  thc»e  oxidea  baa  not  yet  been  aatlrfktRilf  ^ 
termined,  and  the  Yeiy  exiatence  of  the  mat,  though  piobililab  bV 
be  questioned.  The  only  well-known  oxide  to  that  whloi  if  sHpased 
to  exist  in  the  solution  of  gold  combined  with  mniiatle  ofidi  It  any 
be  prepared  by  mixing  with  a  concentrated  neutral  aoluHoe  ff  cold  a 
quantity  of  pure  potassa,  exactly  sufficient  for  combialw  wl&  the 
muriatic  acid.  A  reddish-yellow  coloured  precipltato,  tb  hydiov 
peroxide,  subsides,  which  is  rendered  anhydroua  by  bollbig,  tod  ai- 
sumes  a  brownish-black  colour*.  The  best  method  of  fomung  it,  ae- 
cordiog  to  M.  Pelletier,  is  by  digesting  (he  muriate  with  pure  magne- 
sia, washing  (he  precipitate  with  water,  and  removing  the  excess  of 
magnesia  by  dilute  nitric  acid. 

The  peroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  aeirif 
black  when  pure,  is  insoluble  in  water,  and  completely  deeoBposed 
by  solar  light  or  a  red  heat.  Muriatic  acid  dissolvea  it  readily, ^^ 
ing  the  common  solution  of  gold ;  but  it  forms  no  definite  compoQi' 
with  any  acid  which  contains  oxygen.  It  may  indeed  be  dIsselwJ 
by  the  nitric  and  sulphuric  acids;  but  the  9ffini(y  is  so  slight  ih^ (hi 
oxide  is  precipitated  by  the  addition  of  water.  It  combines,  on  As 
contrary,  with  allcaline  bases,  such  as  potassa  and  baryta,  appareatlf 
forming  regular  salts,  in  which  it  acts  the  part  of  a  weak  acid.  Then 
circumstances  have  induced  M.  Pelletier  to  deny  that  the  peroxideii 
a  salifiable  base,  and  to  contend  that  the  muriatic  solution  of  goi4ii 
in  reality  a  chloride  of  the  metal.  On  this  supposition,  he  propoM 
the  term  auric  acid  for  the  peroxide  of  gold,  and  to  its  compound  wii 
alkalies  he  gives  the  denomination  of  aurates. 

The  peroxide  of  gold  is  thrown  down  of  a  yellow  colour  by  ami 
and  the  precipitate  is  an  aurate  of  that  alkali.     It  ia  a  highly  d 
ting  compound,  analogous  to  the  fulminating  silver  described  ia  tk* 
last  section. 

As  chemists  are  but  imperfectly  acquainted  with  the  nunberiiii 
composition  of  (he  oxides  of  gold,  it  is  at  present  impossible  to  Mlh 
mine  the  atomic  weight  of  this  metal  in  a  satisfactory  manner,  i^ 
cording  to  Berzeliusf,  100  parts  of  gold  unite  with  12.077,  accorisf 
to  Oberkampft  with  10.01,  and  according  to  Pelletier  with  10.08  ptrli 
of  oxygen  to  constitute  the  peroxide.    M.  Javal§  has  more  reesallf 


•  M.  Pellelier  in  the  An.  de  Ch,  et  do  Ph.  vol.  xv. 
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analyzed  the  oxide  of  gold,  and  finds  that  the  proportion  stated  by 
Berzelios  is  very  near  the  truth.  If  we  adopt  the  numbers  given  by 
this  chemist,  and  regard  the  peroxide  as  containing  three  equivalents 
of  oxygen  to  one  of  metal,  200  will  be  the  atomic  weight  of  gold,  and 
224  the  equivalent  of  its  oxide.  This  view  is  supported  by  the  exper- 
iments of  Dr  Thomson. 

ClUorides  of  Chid. — On  concentrating  the  solution  of  gold  to  a 
sufficient  extent  by  evaporation,  the  percnloride  may  be  obtained  in 
red  prismatic  ciystals,  which  become  brown  when  brought  to  perfect 
dryness.  It  denqoesces  on  exposure  to  the  air,  and  is  dissolved  readi« 
ly  by  water  without  residue.  At  a  temperature  far  below  that  of  red- 
ness,  it  is  converted,  with  evolution  of  two- thirds  of  its  chlorine,  into 
the  yellow  insoluble  protochloride,  from  which  the  chlorine  is  entirely 
expelled  by  a  red  heat.  This  protochloride  is  converted,  by  being 
boiled  in  water,  into  the  soluble  perchloride  and  metallic  gold. 

The  compodtion  of  the  chlorides  of  cold  was  investigated  by  Ber- 
zelios and  Pelletier ;  but  the  results  of  their  analyses  are  so  very  dis- 
cordant, that  no  satisfactory  conclusion  can  be  drawn  from  them. 

The  solution  of  gold  is  decomposed  by  substances  which  have  a 
strong  affinity  for  oxygen.  On  adding  protosulphate  of  iron  dissolv- 
ed hi  water,  the  iron  is  oxidized  to  a  maximum,  and  a  copious  brown 
precipitate  subsides,  which  is  metallic  gold  in  a  state  of  very  minute 
diTision.  This  precipitate,  when  duly  washed  with  dilute  muriatic 
■eid,  in  order  to  separate  adhering  iron,  is  gold  in  a  state  of  perfect 
purity.  A  similar  reduction  is  effected  by  most  of  the  metals,  and  by 
sulphurous  and  phosphorous  acids.  When  a  piece  of  charcoal  is  im- 
mersed in  the  solution  of  gold,  and  exposed  to  the  direct  solar  rays, 
its  surface  acquires  a  Coating  of  metallic  gold  ;  and  ribands  may  be 

Sded  by  moistening  them  "with  a. dilute  solution  of  gold,  and  expos- 
r  them  to  a  current  of  hydrogen  or  phosphuretted  hydrogen  gas. 
hen  a  strong  aqueous  solution  of  gold  is  shaken  in  a  phial  with  an 
equal  volume  of  pure  ether,  two  fluids  result,  the  lighter  of  which  is 
•n  ethereal  solution  of  gold.  From  this  liquid  flakes  of  metal  are  de- 
posited on  standing,  especially  by  exposure  to  light,  and  substances 
moistened  with  it  receive  a  coating  of  metallic  gold*. 

When  the  protomuriate  of  tin  is  added  to  a  dilute  aqueous  solution 
of  gold,  a  purple -coloured  precipitate,  called  the  purple  of  CcLssius, 
ta  thrown  down,  which  is  the  substance  employed  in  painting  on 
porcelain  for  giving  a  pink  colour.  It  appears  to  be  a  compound  of 
the  peroxide  of  tin  and  the  purple  oxide  of  gold,  in  which  the  former 
is  supposed  to  act  as  an  acid. 

Sulphuret  of  Gold. — On  transmitting  a  current  of  sulphuretted  hy- 
dragen  gas  through  a  solution  of  gold,  a  black  precipitate  is  formed, 
which  is  a  sulphuret.  It  is  resolved  by  a  red  heat  into  gold  and 
sulphur,  and  appears  from  the  analysis  of  Oberkampf  to  be  composed 
of  800  parts  or  one  equivalent  of  gold,  and  48  parts  or  three  equivalents 
of  sulphur. 

The  compounds  of  gold  with  the  other  non-metallic  bodies  have 
been  little  examined. 


*  With  respect  to  the  revival  of  gold  from  its  solutions,  the  reader 
may  consult  an  Essay  on  Combustion,  by  Mrs  Fulhame,  and  a  paper 
by  Count  Rumford  in  the  Philosophical  Transactions  for  1798. 
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iHwhttlad  to  w<iwwto>iilfir^yoeihto,iMlhiitiMiM»  after  wa^ 

atha  ilkali  hw  means  of  water,  waa  digaatod  la  muriatie  aeld.  h 
way  two  toiaUoaa,  OM  alkalbia  and  tEe  other  add,  were  proonad, 
the  former  of  a  deep  oiango  aalofa^«antaining  tbe  oilde  of  OMaioa 
united  with  aoda,  and  the  latter,  tbe  nuuiato  of  Irldlom.  From  ^ 
vefiAetoiy  nataie  of  tbe  allof  It  ii  neceimiy  to  %nlto  with  aoeeeniw 
peiaoM  of  ioda  before  the  whole  of  any  |^?nn  qyantltyef  the  HMk 
powder  It  oaidiaed* 

OMRfcan.— On  neotraMnc  the  aiinllne  llaald  joat  daHfHiei.wi 
lMatfaigltfaiaietort,theoEideofoaaanii»  whidi  tabeiaiviBliMitol 
aelnblefaiwator.paMeao'vertatothefadptont.anatoliMM  dhilM 
fo  the  flold  that  aeeompanlea  it  The  aqneona  aolatlatt  ii  eskvta 
and  enJtt  a  pongant  peculiar  odour,  aemewhat  Hhn  fSmt  of  diij^K 
a  property  which  saggeetad  the  name  of  #iaifiim*>  The  odia  ifto 
miom  hu  not  been  procnrad  free  from  water,  nor  haa  to  eamna^tfli 
been  detemlDed.  The  Inforioo  of  gaU-nuto  la  n  dalkato  ta«t  «f  H 
Maance,  atriklng  a  poipie  eoloar  wnleh  aftarwarfa  afsqahai  a  dHf 

The  oilde  of  omlam  ii  predpitated  In  the  netalBe  MMa  ^99t^ 
an  the  metale,  eacepting  gold  and  platiniim.    On  adlall«1t  wtt 
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marcory  an  amalgam  It  formed,  whidi,  when  hentad  to  dMi  taiarii, 
yielda  pore  otmiom,  capable  of  auppoitlng  a  white  hiniiillhaii  behf 
voUitlliiedor  fiiied.  If  ignited  to  open  voMola,  It  fo  n  iliTriil  itil  tbil 
diitipated  in  ▼apoor.  After  ezpoeure  to  heat,  it  raebta  tfaaMAoo  ofil 
the  adds. 

JHiitum. — Tbe  solution  of  the  oxide  of  iridiam  to  mmiatie  aeUi 
when  first  prepared.  Is  of  a  blue  colour ;  but  it  afterwards  beeonei  of 
an  oli^^green  hue,  and  subsequently  acquires  a  deep 'red  tbt  lUi 
dtoersity  of  colour,  which  gave  origin  to  the  name  of  iridbna,  h 
attributed  to  the  metal  passing  through  different  stashes  of  oi^Wtok  ■> 
opinion  which  is  probable,  Uiougfa  by  no  means  established.  ClitiBisti^ 
indeed,  are  as  yet  ignorant  bodi  of  the  number  and  compoiitkieof 
the  oxides  of  iridium. 

The  muriate  of  iridium,  when  deprived  of  its  excess  of  add  by 
heat,  may  be  procured  in  crystals  of  a  deep  brown  colour  by  e?apoa- 
tioo.  This  salt  is  characterized  by  forming  with  water  a  red  tdatiOBi 
which  is  rendered  colouriess  by  tbe  pure  allcaiies  or  al^ifine  eai6ii» 
by  sulphuretted  hydrogen,  infusion  of  gall-nuta,  or  by  ferrocyaaili  of 
potassa.  It  is  decomposed  by  nearly  all  the  raetela  exceptiog  pk 
and  platmum,  tbe  iridium  been  thrown  down  in  the  metaIHe  sMa 
Iridium  may  lIlEewise  be  procured  from  the  muriate  by  ezpoaiog  tot 
aalt  to  a  red  heat.  ^^^ 

Iridium  is  the  most  infusible  metal  known ;  but  Mr  ChildiaD,  by 
means  of  his  large  galranie  balteiy,  suecoedad  in'  fusing  it  iato  t 
globule  of  a  brilliant  metallic  lustre  and  white  colour.  Its  spedfie 
graTity  in  this  state  is  18.68.  It  is  attacked  with  great  diCedtybT 
nitro-muriatic  add ;  but  is  oxidised  when  heated  with  nitie. 


FVom '•#]«»  odour. 
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SECTION  XXVII. 

CWV  METALLIC  COMBlMdTIOJVS. 

I 

Hmving  completed  the  history  of  the  individual  metals,  and  of  the 
compounds  reralting  from  their  union  with  the  simple  non-metallic 
bodies,  I  shtll  treat  briefly  in  the  present  section  of  the  combinations 
of  the  metals  with  one  another.   These  compounds  are  called  alloys  ; 
tad  to  those  alloys  of  which  mercury  is  a  constituent,  the  term  amaU 
gam  is  applied.    It  is  probable  that  each  metal  is  capable  of  uniting 
m  one  or  more  proportions  with  every  other  metal,  and  on  this  sup- 
position the  number  of  alloys  would  be  exceedingly  numerous.    This 
depmrtment  of  chemistry,  however,  owing  to  its  having  been  cultivated 
with  less  zeal  than  most  other  branches  of  the  science,  is  as  yet 
limited,  and  oar  knowledge  concerning  it  imperfect.    On  this  account 
I  shall  mention  those  alloys  only  to  which  some  particular  interest  is 
attached. 

Metals  do  not  combine  with  one  another  in  their  solid  state,  owing 
to  the  influence  of  chemical  affinity  being  counteracted  by  the  force 
of  cohesion.  It  is  necessary  to  liquefy  at  least  one  of  them,  in  which 
case  they  always  unite,  provided  their  mutual  attraction  is  energetic. 
Tims  brass  is  formed  when  pieces  of  copper  are  put  into  melted  zinc ; 
and  gold  onites  with  mercury  at  common  temperatures  by  mere  con- 
tact 

Metals  appear  to  unite  with  one  another  in  every  proportion,  pre- 
cisely in  the  same  manner  as  sulphuric  acid  and  water.  Thus  there 
is  no  Umit  to  the  number  of  alloys  of  gold  and  copper.  It  is  certain, 
however,  that  metals  have  a  tendency  to  combine  in  definite  pro- 
portion ;  for  several  atomic  compounds  of  this  kind  occur  native. 
llie  ciystallized  amalgam  of  silver,  for  example,  is  composed,  accord- 
infg  to  the  analysis  of  Klaproth,  of  64  parts  of  mercury  and  36  of  silver, 
numbers  which  are  so  nearly  in  the  ratio  of  200  to  110,  that  the 
amalgam  may  be  inferred  to  contain  one  equivalent  of  each  of  its 
elements.  It  is  indeed  possible  that  the  variety  of  proportion  is 
rather  apparent  than  real,  arising  from  the  mixture  of  a  few  definite 
compounds  with  one  another,  or  with  uncombined  metal ;  an  opinion 
not  only  suggested  by  the  mode  in  which  alloys  are  prepared,  but  in 
some  measure  supported  by  observation.  Thus  on  adding  successive 
small  quantities  of  silver  to  mercury,  a  great  variety  of  fluid  amalgams 
are  apparently  produced  ;  but,  in  reaJity,  the  chief,  if  not  the  sole  com- 
pound, is  a  solid  amalgam,  which  is  merely  diffused  throughout  the 
naid  mass,  and  may  be  separated  by  pressing  the  liquid  mercury 
thmugh  a  piece  of  thick  leather. 

Alloys  are  analogous  to  metals  in  their  chief  physical  properties. 
They  are  opake,  possess  the  metallic  lustre,  and  are  good  conductors  of 
electricity  and  caloric.    They  often  differ  materially  in  some  respects 
fiom  the  elements  of  which  they  consist.    The  colour  of  an  alloy  is 
sometimes  different  from  that  of  its  constituents,  of  which  brass  is  a 
remarkable  example.    The  hardness  of  a  metal  is  m  ^eu^x^  VckC\^'^^\ 
by  bein^  aWoyed,  and  for  this  reason  its  elaslicU^  ^n^  «otvQ\Q!W'%\:ift.'«a 
ire  frequently  improved.    The  malleability  and  ducUWV's  ol  vcv^VaXa^  ^^ 
tbe  contrary,  are  usually  impaired  by  combmalion.     MVo^a  ^ox\s\^^ 
/»ro  brittle  metals  are  always  brittle  ;    and  au  aWo^y  eowiv^^^^  '^ 
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ductile  and  a  brittle  metal  is  generally  brittle,  etpeclally  If  the  latter 
predominate.    An  alloy  of  two  ductile  metals  is  sometimes  brittle. 

The  density  of  an  alloy  is  sometimes  less,  sometimes  greater,  thin 
the  mean  density  of  the  metals  of  which  it  is  composed. 

The  fusibility  of  metals  is  greatly  increased  by  being  alloyed.  Thai 
pure  platinum,  which  cannot  be  completely  fused  In  the  mostinteDM 
heat  of  a.wind  furnace,  forms  a  yery  fusible  alloy  with  arsenic. 

The  tendency  of  metals  to  unite  with  oxygen  is  considerably  am- 
roeotcd  by  being  alloyed.  This  effect  is  particularly  coDspicuous  whoi 
dense  metals  are  liquefied  by  combination  with  quicksilver,  and  ii 
manifestly  owing  to  the  loss  of  their  cohesive  power.  Lead  and  tio, 
for  in«tance,  when  united  with  mercury,  are  soon  oxidized  by  ezposon 
to  the  atmosphere ;  and  even  gold  and  silver  combine  with  oxygen, 
when  the  amalgams  of  those  metals  are  agitated  with  air.  Tbe  oxi- 
dability  of  one  metal  in  an  alloy  appears  in  some  instances  to  be  in- 
creased in  consequence  of  a  galvanic  action.  Thus  Mr  Faraday  ob- 
served, that  an  alloy  of  steel  with  100th  of  its  weight  of  platinum  im 
dissolved  with  effervescence  in  dilute  sulphuric  acid,  whidi  was  so 
weak  that  it  scarcely  acted  on  common  steel ; — an  efkct  wfa/cfa  he 
ascribes  to  the  steel  in  the  alloy  being  rendered  positive  by  ih»  pre- 
sence of  the  platinum. 

Amalgams. 

Quicksilver  unites  with  potassium  when  agitated  in  a  glass  tube 
with  that  metal,  forming  a  solid  amalgam.  When  the  amalgam  is  put 
into  water,  the  potassium  is  gradually  oxidized,  hydrogen  gas  is  dis- 
engaged, and  the  mercury  resumes  its  liquid  form.  A  siiuilar  com- 
pound may  be  obtained  with  sodium.  These  amalgams  may  also  be 
procured  by  placing;  the  negative  wire  in  contact  with  a  globule  of 
mercury,  during  the  process  of  decomposing  potassa  and  soda  by  gal- 
vanism. 

A  solid  amalgam  of  tin  is  employed  in  making  looking-glasses;  and 
an  amalgam  made  of  one  part  of  lead,  one  of  tin,  two  oi  bismuth,  and 
four  parts  of  mercury,  is  used  for  silvering  the  inside  of  hollow  glaa 
globes.  This  amalgam  is  solid  at  common  temperatures;  but  is  fused 
by  a  slight  degree  oif  heat. 

The  amalgam  of  zinc  and  tin,  used  for  promoting  the  action  of  the 
electrical  machine,  is  made  by  fusing  one  part  of  zinc  with  one  of  tin, 
and  then  agitating  the  liquid  mass  with  two  parts  of  mercury  placed 
in  a  wooden  box.  Mercury  evinces  little  disposition  to  unite  with 
iron,  and,  on  this  account,  it  is  usually  preserved  in  iron  bottles. 

The  amalgam  of  silver,  as  already  mentioned,  is  a  mineral  produc- 
tion. The  process  of  separating  silver  from  its  ores  by  amalgamation} 
practised  on  a  laige  scale  at  Freyberg  in  Germany,  is  founded  on  tbe 
affinity  of  mercury  for  silver.  On  exposing  the  amalgam  to  heat,  the 
quicksilver  is  volatilized  and  pure  silver  remains. 

Gold  unites  with  remarkable  facility  with  mercury,  forming  a  white- 
coloured  compound.  An  amalgam  composed  of  one  part  of  gold  to 
eight  of  mercury  is  employed  in  gilding  brass.  The  brass,  after  being 
rubbed  with  the  nitrate  of  mercury  in  order  to  give  it  a  thhi  film  of 
quicksilver,  is  covered  with  the  amalgam  of  gold,  and  then  exposed 
to  heat  for  the  purpose  of  expelling  the  mercury. 

«/illoi}8  of  Arsenic. 

Anenle  has  m  tendency  lo  i^n^et  i^«  iEi«>\i!iA,'«V^'«\&i^>fii.>ft>&^ 
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loyed,  both  brittle  and  fusible.  It  bas  the  property  of  destroying  the 
colour  of  gold  and  copper.  An  alloy  of  copper,  with  a  tenth  part  of 
arvemc,  is  so  very  similar  in  appearance  to  silver,  that  it  has  been  sub- 
stituted for  it.  The  whiteness  of  this  alloy  affords  a  roueh  mode  of 
testing  for  arsenic ;  for  if  arsenious  acid  and  charcoal  be  heated  be- 
tween two  plates  of  copper,  a  white  stain  afterwards  appears  upon  its 
surface,  owing  to  the  formation  of  an  arseniuret  of  copper. 

The  presence  of  arsenic  in  iron  has  a  very  pernicious  effect;  for 
even  though  in  small  proportion,  it  renders  the  iron  brittle,  especially 
when  heated. 

The  9iloy  of  tin  and  arsenic  is  employed  for  forming  arseniuretted 
hydrogen  gas  by  the  action  of  muriatic  acid.  The  tin  of  commerce 
•ometiines  contains  a  minute  quantity  of  this  alloy. 

An  alloy  of  platinum  with  ten  parts  of  arsenic  is  fusible  at  a  heat  a 
little  above  redness,  and  may  therefore  be  cast  in  moulds.  On  ex- 
posing the  alloy  to  a  gradually  increasing  temperature  in  open  vessels, 
the  arsenic  is  oxidized  and  expelled,  and  the  platinum  recovers  its 
purity  and  infusibility. 

JlUoys  of  Tifij  Leadf  Antimony,  and  Bismuth, 

Tin  and  lead  unite  readily  when  fused  together.  Equal  parts  of 
these  metals  constitute  an  alloy  which  is  more  fusible  than  either 
separately,  and  is  the  common  solder  of  the  glaziers.  Its  point  of 
fusion  is  about  960"*  F. 

Tin,  alloyed  with  small  quantities  of  antimony,  copper,  and  bismuth, 
forms  the  nest  kind  of  pewter.  Inferior  sorts  contain  a  large  propor- 
tion oflead. 

Tin,  lead,  and  bismuth  form  an  alloy  which  is  fused  by  a  temperature 
below  212**  Fahr.  The  best  proportion,  according  to  M.  D*Arcet,  is 
eight  parts  of  bismuth,  five  of  lead,  and  three  of  tin. 

^  alloy  of  three  parts  oflead  to  one  of  antimooy  constitutes  the 
tmlMtaace  of  which  types  for  printing  are  made. 

Alloys  of  Copper. 

Copper  forms  with  tin  several  valuable  alloys,  which  are  characteriz- 
ed by  their  sonorousness.  Bronze  is  an  alloy  of  copper  with  about 
eight  or  ten  per  cent  of  tin,  together  with  small  quantities  of  other 
metals  which  are  not  essential  to  the  compound.  Cannons  are  cast 
with  an  alloy  of  a  similar  kind. 

The  best  bell-metal  is  composed  of  80  parts  of  zinc  and  20  of  tin : 
the  Indian  gong,  celebrated  for  the  richness  of  its  tones,  contains 
copper  and  tin  in  this  proportion.  A  specimen  of  English  bell-metal 
was  found  by  Dr  Thomson  to  consist  of  80  parts  of  copper,  lO.l  ot 
tin,  5.6  of  zinc,  and  4.8  of  lead.  Lead  and  antimony,  though  in  small 
quantity,  have  a  remarkable  effect  in  diminishing  the  elasticity  and 
sonorousness  of  the  compound.  The  speeulum-metal,  with  which 
mirrors  for  telescopes  are  made,  consists  of  about  two  parts  of  copper 
and  one  of  tin.  The  whiteness  of  the  alloy  is  improved  by  the  ad- 
dition of  a  little  arsenic. 

Copper  and  zinc  unite  in  several  proportions,  formhig  alloys  of 

great  importance  in  the  arts.    The  best  brass  cqnslsts  of  four  parts  of 

copper  to  one  of  zinc ;  and  when  the  latter  is  in  a  greater  proportlo^^ 

compounds  are  generated  which  are  called  Tombac,  DucV^old^vcA 

Pinchbeck.    The  white  copper  oiih^  Chiueae  \a  cocnn^Mtt^^  %.ccqv^* 
Gg 
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ing  to  the  aDalyiia  of  Dr  Fyfe,  of  40.4  parti  of  copper,  25.4  of  ziDe, 
SI  .6  of  nickel,  and  2.6  of  Iron. 

The  art  of  tinniny;  copper  conaiata  in  covering  that  metal  with  t 
thin  layer  of  tin,  in  order  to  protect  ita  aurface  from  mstini;.    For 
this  purpose,  pieces  of  tin  are  placed  upon  a  well  polished  sheet  of 
copper,  which  is  heated  safficiently  for  fusing  the  tin.     As  soon  as  die 
tin  lique6es,  it  is  rubbed  over  the  whole  sheet  of  copper,  and  if  tbe 
process  is  skilfully  conducted,  adheres  uniformly  to  its  surface.    Tbe 
oxidation  of  the  tin,  a  circumstance  which  would  entirely  prevent  tbe 
success  of  the  operation,  is  avoided  by  employing  fragments  of  rena 
or  muriate  of  ammonia,  and  regulating  the  temperature  with  great 
care.    The  two  metals  do  not  actually  combine  with  one  anoSier; 
but  the  adhesion  is  certainly  owing  to  their  mutual  affinity.    Iroo, 
which  ha^  a  weaker  attraction  than  copper  for  tin,  is  tinned  with  more 
difficulty  than  that  metal. 

Alloys  of  Sted. 

Messrs  Stodart  and  Faraday  have  succeeded  in  making  some  veiy 
important  alloys  of  steel  with  other  metals.  (Philos.  Trans. for  1822.) 
Their  experiments  induced  them  to  believe  that  the  celebrated  Indian 
steel,  called  ttooiz/is  an  alloy  of  steel  with  small  quantitieaof  nttcium 
and  aluminium ;  and  they  succeeded  in  preparing  a  similar  coinpund» 
poj««esaed  of  all  the  properties  of  wootz.  They  ascertained  that  silver 
combine?  with  steel,  forming:  an  aiioy  which,  although  it  contains  only 
1 -500th  of  its  weight  of  silver,  is  superior  to  wootz  or  the  best  cut 
•tee!  in  hardness.  The  alloy  of  steel  with  100th  part  of  platinum, 
though  less  hard  than  that  with  silver,  possesses  a  greater  degree  of 
toughness,  and  is  therefore  highly  valuable  when  tenacity  as  well  as 
hardness  is  required.  The  alloy  of  steel  with  rhodium  even  exceeds 
the  two  former  in  hardness.  The  compouna  of  steel  with  palladium, 
and  of  steel  with  iridium  and  osmium,  is  likewise  exceedingly  bird; 
but  these  alloys  cannot  be  employed  extensively,  owing  to  the  rarity 
of  the  metals  of  which  they  are  composed. 

Alloys  of  Silver. 

Silver  is  capable  of  uniting  with  most  other  metals,  and  adka 
greatly  in  malleability  and  ductility  by  their  presence.  It  may  contain 
a  large  quantity  of  copper  without  losing  its  white  colour.  The  stMd- 
ard  silver  for  coinage  contains  about  l-13th  part  of  copper,  wbicli  io* 
creases  its  hardness,  and  thus  renders  it  more  fit  for  coins  and  many 
other  purposes. 

Alloys  of  Gold. 

The  presence  of  other  metals  in  gold  has  a  remarkable  effect  in  im- 
pairing its  malleability  and  ductility.    The  metals  which  possess  tWs 
p^ope^ty^n  the  greatest  degree  are  bismuth,  lead,  antimony,  and  a^ 
senic.     Thus,  when  gold  is  alloyed  with  l-1920th  part  of  its  weight 
of  lead,  its  malleability  is  surprisingly  diminished.     A  very  small  pith 
portion  of  copper  has  an  influence  over  the  colour  of  gold,  commaoi' 
eating  to  it  a  red  tint,  which  becomes  deeper  as  the  quantity  of  cop- 
per increases.    Pure  gold,  being  too  soft  for  coinage  and  many  purpo- 
ses m  the  arts,  is  always  alloyed  either  with  copper  or  an  allay  of 
copper  and  silver,  wYiicVi  Vnctft^aiia  xVv^i  Vi^xd^ieaa  of  the  gold  withoet 
materially  affecting  ita  co\out  ox  VenaLCW^.    ^sM  ^\ga  ^^^^  thent 
7-i2th  of  copper. 
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Iq  the  preceding  pages  I  have  been  chiefly  occupied  witti  tlie  des- 
riptioQ  either  of  elementary  principles,  or  ot  compounds  immediately 
isulting  from  their  union.  The  class  of  bodies  which  I  am  now  to 
escribe  is  of  a  different  nature,  being  exclusively  compounds  derived 
om  the  combination  of  other  compound  bodies. 

The  term  Mali  is  often  somewhat  vaguely  employed  in  chemistry, 
ut  according  to  the  usage  of  most  chemists,  it  denotes  a  definite 
smpound  ofan  acid,  and  an  alkaline  or  salifiable  base,  both  of  which 
■e  in  every  case  composed  of  at  least  two  simple  substances.  Sul- 
bftte  of  potassa,  for  instance,  is  a  salt,  the  acid  of  which  consists  of 
Ijrgen  and  sulphur,  and  the  base  of  oxygen  and  potassium.  A  dif- 
nrent  view  may  indeed  be  formed  of  the  nature  of  a  salt.  Thus,  to 
mploy  the  example  already  adduced,  sulphate  of  potassa  contains 
nlphur,  oxygen,  and  potassium ;  and  it  may  be  thought  that  these 
hree  elements  do  not  exist  in  the  salt  as  sulphuric  acid  and  potassa, 
lUt  are  combined  directly  and  indiscriminately  with  one  another. 
lot  such  an  opinion  is  gratuitous  and  untenable.  Sulphate  of  potassa 
I  said  to  contain  sulphuric  acid  and  potassa,  because,  in  the  first 
ilace>  it  \b  formed  by  the  direct  mixture  of  these  two  substances  ; 
econdly,  because  the  acid  and  the  alkali,  after  combination,  may  be 
eparated  and  again  procured  in  the;r  original  state  by  the  agency  of 
^Ivanism ;  and,  thirdly,  because  no  known  affinity  is  in  operation  by 
vhich  the  tendency  of  potassium  to  constitute  potassa  with  oxygen, 
n  of  sulphur  to  form  sulphuric  acid  with  the  same  element,  may  be 
Monteraeted.  It  is  probable,  indeed,  that  all  compounds  consisting 
if  three  or  more  elementary  principles,  are  composed  of  binary  com- 
Kraiids  united  with  one  another. 

In  studying  the  salts,  it  is  important  to  set  out  with  correct  ideas 
:onceming  the  nature  of  an  acid  and  of  an  alkaline  base,  and  I  shall, 
herefore,  make  a  few  preliminary  remarks  concerning  the  nature  and 
characteristic  properties  of  these  two  classes  of  compounds. 

An  acid  is  commonly  regarded  as  a  substance  which  has  a  sour 
laste,  reddens  litmus  paper,  and  neutralizes  alkalies.  But  these 
iroperties,  though  very  conspicuous  in  alt  the  powerful  acids,  are  not 
ilCogether  general,  and,  therefore,  cannot  serve  the  purpose  of  a 
la6nition.  Thus  insoluble  acids,  owing  to  their  insolubility,  do  not 
lasCe  sour,  nor  redden  litmus  paper ;  and  some  bodies,  such  as  carbonic 
leid  and  sulphuretted  hydrogen,  the  title  of  which  to  be  placed  among 
^  aelds  cannot  be  called  in  question,  are  unable  to  destroy  the 
aUnline  reaction  of  potassa.  The  most  correct  definition  of  an  acid 
iHlh  which  I  am  acquainted  is  the  following : — an  ac\^\«  ^  ^^xa!^^>3^^<^ 
irliieh  is  cMfMbJe  of  uniting  in  definite  propoilion  mlVi  ^\sXv(a\^%&^^< 
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and  which,  when  liquid  or  in  a  slate  of  solution,  has  either  a  sov 
Uile,  or  reddens  litmus  paper. 

Most  of  the  acids  contain  oxygen  as  one  of  their  elements,  a  eb 

cuiiistancc  which  induced  Lavoisier  to  suppose  that  oxygen  possesM 

some  specific  power  of  causing  acidity,  and  for  this  reason  heregaidfld 

it  as  the  acidifying  principle.    The  acquliition  of  new  facts,  boir- 

cver,  has  shown  the  fallacy  of  his  opinion.    Acids  may  and  do  ezirt 

which  contain  no  trace  of  oxygen,  nor  does  its  presence  necesniOf 

give  rise  to  aridity.    The  compounds  of  oxygen  are  frequently  iDb- 

line  instead  of  acid  ;  and  in  many  instances  they  are  neither  acid  nor 

alkaline.    No  substance,  excepting  the  deutoxide  of  hydrogen,  eoa- 

tains  a  larger  proportional  quantity  of  oxygen  than  water,  and  yet  thii 

fluid  does  not  possess  the  slightest  degree  of  acidity.    The  proetoi 

of  science,  imleed,  seems  to  justify  the  opinion,  that  there  is  no  bodf 

to  which  the  term  acidifying  principle  is  strictly  applicable.    7b 

acidity  of  any  substance  cannot  be  referred  to  one  of  its  elemeiff 

rather  th.in  the  other ;    but  is  a  new  property  peculiar  to  the  coo- 

poiind,  and  to  which  each  of  its  constituents  contributes. 

An  alkali  is  characterized  by  a  peculiar  pungent  taste,  by  its  aJka* 
line  reaction  on  vegetable  colours,  and  by  neutralizing  acidsi  There 
arc  many  salifiable  bases,  however,  which  do  not  poswss  these 
characters.  Thus  pure  magnesia,  though  it  is  a  strone  alkaline  base, 
and  forms  neutral  salts  with  acids,  is  insipid,  and  barely  produces  an 
appreciable  effect  on  yellow  turmeric  paper, — an  inaction  obvioosij 
owing  to  its  insolubility.  Some  compounds  neutralize  the  properties 
of  acids  in  an  imperfect  manner,  although  they  form  perfect  salts. 
Fui  these  reasons,  it  is  desirable  to  define  precisely  what  is  meant  by 
a  saiitiaMc  base,  and  the  following  definition  appears  to  me  to  answer 
the  purpose.  Every  compound  may  be  regarded  as  an  alkalioe  or 
s«ilifidl)le  base,  which  forms  definite  compounds  with  acids,  and  which, 
when  liquid  or  in  a  state  of  solution,  has  an  alkaline  reactioo.  AU 
alkaline  bases,  with  the  exception  of  ammonia  and  the  vegetable 
alkalies,  are  metallic  oxides. 

The  nomenclature  of  the  salts  was  explained  on  a  former  occadoB. 

(Page  101.)     The  insufficiency  of  the  division  into  neutral,  svpfft 

unil  5t/2>-salts  will  be  made  apparent  by  the  following  remarks.  In  the 

first  |)lace,   some  alkaline  bases  form  more  than  one  super-salt,  io 

which  rase  two  or  more  different  salts  would  be  included  under  the 

same  name      Secondly,  some  salts  have  an  acid  reaction,  and  might 

therefore  be  denominated  super-salts,  although  they  do  not  cootuo 

an  excess  of  acid.    Nitrate  of  lead,  for  instance,  has  the  property  of 

reddening  litmus  paper ;  whereas  it  consists  of  one  equivalent  of  the 

oxide  of  lead  and   one  equivalent  of  nitric  acid,  and,  therefore,  io 

composition  is  precisely  analogous  to  nitrate  of  potassa,  which  is  i 

neutral  salt.     This  fact  was  noticed  some  years  ago  by  BerzelioSi 

who  accounted  for  the  circumstance  in  the  following  manner.    The 

colour  of  litmus  is  naturally  red,  and  it  is  only  rendered  blue  by  the 

colouring  matter  combining  with  an  alkali.     If  an  acid  be  added  to 

the  blue  compound,  the  colouring  matter  is  deprived  of  its  alkali,  aod 

thtis,  being  set  free,  resumes  its  red  tint.    Now  on  bringing  litmus 

paper  in  contact  with  a  salt,  the  acid  and  base  of  which  have  a  weak 

attraction  for  each  other,  it  is  possible  that  the  alkali  contained  io  the 

litmus  paper  may  have  a  stronger  affinity  for  the  acid  of  the  salt  thaii 

tho  base  has  with  which  it  was  combined  ;  and  in  that  case,  the  alkali 

of  the  litmus  being  neutralized,  its  red  colour  would  necessarily  be 

restored.    It  is  hence  appwetiV  VVi^l ^  salt  may  have  an  acid  reaction 

J»iihout  having  an  excess  o?  aLtvOi. 
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As  ereiy  Mid,  with  few  exceptions,  is  capable  of  uniting  with  every 

alkaline  base,  and  frequently  in  two  or  more  proportions,  it  is  manifest 

that  the  salts  must  constitute  a  very  numerous  class  of  bodies.    It  is 

neceaaary,  on  this  account,  to  facilitate  the  study  of  them  as  much  as 

poaaible  by  classification.    They  may  be  conveniently  arranged  by 

placing  together  those  salts  which  contain  either  the  same  salifiable 

nae  or  the  same  acid.    It  is  not  very  material  which  principle  of 

arrangeRient  it  adopted ;    but  I  give  the  preference  to  the  latter, 

because,  in  describing  the  individual  oxides,  I  have  already  mentioned 

the  characteristic  features  of  their  salts,  and  have  thus  anticipated  the 

chief  advantage  that  arises  from  the  former  mode  of  classification.    I 

ahall,  therefore,  divide  the  salts  into  groups,  placing  together  those 

aaline  combinations  which    consist  of  the  same  acid,  united  with 

differeot  salifiable  bases.    The  salts  of  each  group,  in  consequence  of 

coDtaining  the  same  acid,  possess  certain  characters  in  common,  by 

which  they  may  ail  be  distinguished;  and,  indeed,  tlio  description  of 

many  aalts,  to  which  no  particular  interest  is  attached,  is  sufficiently 

comprehended  in  that  of  its  group,  and  may,  therefore,  be  omitted. 

Nearly  all  salts  are  solid,  and  most  of  them  assume  crystalline  forms 
when  their  solutions  are  spontaneously  evaporated. 

The  colour  of  salts  is  very  variable.  Those  that  are  composed  of  a 
colourleas  base  and  acid  are  always  colourless.  There  is  no  necessary 
connection  between  the  colour  of  an  oxide  or  an  acid  and  that  of 
Its  salta.  A  salt  though  formed  of  a  coloured  oxide  or  acid,  may  be 
colourless ;  and  if  it  ia  coloured,  the  tint  may  differ  from  that  of  both  its 
conatituents. 

All  Boluble  salts  are  more  or  less  sapid,  while  those  that  are  in- 
soluble in  water  are  insipid.  Few  salts  are  possessed  of  odour:  the 
only  one  which  is  remarkable  for  this  property  is  the  carbonate  of 
ammonia. 

Salts  differ  remarlcably  in  their  affinity  for  water.  Thus  some 
aalta,  Buch  as  the  nitrates  of  lime  and  magnesia,  are  deliquescent,  that 
if,  attract  moisture  from  the  air,  and  become  liquid.  Others,  which 
have  a  less  powerful  attraction  for  water,  undergo  no  change  when 
the  air  is  dry,  but  become  moist  in  a  humid  atmosphere ;  and  others 
may  be  exposed  without  change  to  an  atmosphere  loaded  with  watery 
vapour. 

Salta  differ  likewise  in  the  degree  of  solubility  in  water.  Some 
diasolve  in  less  than  their  weight  of  water;  wliile  others  require 
aevenJ  hundred  times  their  weight  of  this  liquid  for  solution,  and 
others  are  quite  insoluble.  This  difference  depends  on  two  circum- 
■tancef ,  namely,  on  the  degree  of  their  affinity  for  water,  and  on  their 
coheaion ;  their  solubility  Mhig  in  direct  ratio  with  the  first,  and  in 
InTerae  ratio  with  the  second.  One  salt  may  have  a  greater  affinity 
for  water  than  anotlier,  and  yet  be  less  soluble ;  an  effect  which  may 
be  produced  by  the  cohesive  power  of  the  salt  which  has  the 
stronger  attraction  for  water,  being  greater  than  that  of  the  salt  which 
haa  a  less  powerful  affinity  for  that  liquid.  The  method  proposed  by 
Gay-Lusaac  for  estimating  the  relative  degrees  of  affinity  of  salts  for 
water,  (An.  de  Ch.  Ixxxii.)  is  by  dissolving  equal  quantities  of  salts 
in  equal  quantities  of  water,  and  appWine  heat  to  the  solutions. 
That  salt  which  has  the  greatest  affinity  for  £e  menstruum  will  retain 
it  with  most  force,  and  will,  therefore,  require  the  highest  tempera- 
ture for  boiling. 

Salta  which  are  soluble  in  water  crystallize  more  or  less  regularly 
when  their  solutions  are  evaporated.  If  the  evaporation  is  cendtx^^ 
lapid  by  beat,  the  salt  is  usually  deposited  ^n  tL  coniua^^  ct^^Nafifi^^ 

6g  s 
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miiM\  but  if  it  take  place  slowly,  reeular  crystals  are  formed.  The 
best  nioJo  of  conducting  the  process.  Is  to  dissolve  a  salt  in  hot  water, 
and  when  it  has  become  quite  cold,  to  pour  the  saturated  solatioB 
into  an  evaporating  basin,  which  is  to  be  set  aside  for  several  days  or 
weeks  without  being  moved.  As  the  water  evaporates,  the  salt  u- 
sunics  the  solid  form  ;  and  the  slower  the  evaporation,  the  more  le- 
guliir  arc  the  crystals.  Some  salts  which  are  much  more  soluble  in  hot 
than  in  cold  water,  cryiitallizc  with  considerable  regularity  when  a  boil- 
ing saturated  solution  is  slowly  cooled.  The  form  which  salts  assuise 
in  ciystallizing  is  constant  under  the  same  circumstances,  and  consti- 
tutes an  excellent  character  by  which  they  may  l>e  distinguished  from 
one  another. 

Many  salts  during  the  act  of  crystallizing  unite  chemically  with  i 
definite  portion  of  water,  which  forms  an  essential  part  of  the  crystal, 
and  i»  termed  the  water  o{ crystallization.  The  quantity  of  combined 
water  isi  very  variable  in  different  saline  bodies,  but  is  uuifonn  is 
the  same  s:ilt.  A  <ialt  may  contain  more  than  half  its  weight  of  water, 
and  yet  ho  quite  dry.  On  exposing  a  salt  of  this  kind  to  heat,  it  is 
dissolved,  if  soluble,  in  its  own  water  of  crystallization,  uodergoiog 
\%  h-.it  i»  termed  the  watery  fusion.  By  a  strong  heat,  the  whole  of  the 
water  i^j  expelled  ;  for  no  salt  can  retain  its  water  of  crystallization  when  | 
heated  to  redness.  Some  salts,  such  as  the  sulphate  and  phosphate 
of  sodn,  lose  a  portion  of  their  water,  and  crumble  down  into  a  white 
powder,  hy  meie  exposure  to  the  air,  a  change  which  is  called 
vjjloicscencc.  The  tendency  of  salts  to  undergo  this  change  depends 
(  n  the  liryncps  and  cohhiess  of  the  air ;  for  a  salt  which  effloresces 
I  ipiiily  in  a  moderately  dry  and  warm  atmosphere,  may  often  be  kept 
\%iih()nt  clianfic  in  one  whic!)  is  dnmp  and  cold. 

S;iM.-,  in  crystallizing,  frequently  inclose  mechanically  within  their 
to\:'..i«-  p.wlicles  of  water,  hy  the  expansion  of  which,  when  heated, 
ihe  s.^U  i-*  hurst  with  a  crackling  noise  into  smaller  fragments.  This 
phciKMuenon  i?  known  by  the  name  of  decrepitation.  Berzeliushas 
corrccily  lemaikcd  that  those  crystals  decrepitate  most  powcrfollyi 
such  as  the  nitrates  of  baryta  and  of  lead,  which  contain  no  water  of 
crystallization. 

Tl)e  atniospheiic  pressure  is  said  to  have  considerable  influence  on 
the  ciy.-flullization  of  salts.     If,  for  example,  a  concentrated  solution, 
ccni))os('d  of  about  three  parts  of  sulphate  of  soda  in  crystals  to  two 
of  water,  is  made  to  boil  briskly,  and  the  flask  which  contains  it  is 
then  tii^htly  corked,  while  its  upper  part  is  full  of  vapour,  the  solution 
^lill  cool  down  to  the  temperature  of  the  air  without  crystallizioj;, 
and  may  in  that  state  be  preserved  for  months  without  change.    Be- 
fore ren^oval  of  the  cork,  the  liquid  may  oflcn   be  briskly  n^itated 
without  losing  its  fluidity  ;  but  on  re- admitting  the  air,  crystallizatk>n 
commoiily  commences,  and  the  whole  becomes  solid  in  the  course  of 
a  few  seconds.     The  admission  of  the  air  sometimes,  indeed,  fails  in 
causing  the  effect ;  but  it  may  be  produced  with  certainty  by  asitatioo 
or  the  introduction  of  a  solid  body.    The  theory  of  this  phenomenon 
is  not  very  apparent.     Gay-Lussac  has  shown  that  it  does  not  depend 
on  atmospheric  pressure,  (An.  de  Ch.  vol.  Ixxxvii.)  ;  for  he  finds  that 
the  solution  may  be  cooled  in  open  vessels  without  becoming  solid, 
provided  its  surface  be  covered  with  a  film  of  oil ;  and  J  have  frequent- 
ly  succeeded  in  the  sA\tve  experiment  without  the   use  of  oil,  by 
causinjj:  the  air  of  iVie  ^aa>i  Vo  c,o\s«oxw!L\f4\fc  ^V^  >\v^  •^itaos^here  by 
nicans  of  a  moderate\^'  miTtoYr  Vw^i^.   W  ^v^«%x^  \\Qi«v  «nracA««^- 
rnonts  of  Mr  Graham,  pub\«\^^AxtvV\i^^Y^%^^;^^^ 
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its  uniting  eliemically  with  water ;  for  lie  has  proved  that  gases  which 
are  more  freely  absorbed  than  atmospheric  air,  act  more  rapidly  in. 
producing  crystallization.     Indeed,  the  rapidity  of  crystallization,  oc- 
casioned by  the  contact  of  gaseous  matter,  seems  proportional  to  the 
degree  of  its  affinity  for  water. 

The  same  quantity  of  water  may  hold  several  different  salts  in  solu- 
doQ,  provided  they  do  not  mutually  decompose  each  other.  The  sol- 
rent  power  of  water  with  respect  to  one  salt  is,  indeed,  sometimes 
increased  by  the  presence  of  another,  owing  to  combination  taking 
place  between  the  two  salts. 

Most  salts  produce  cold  during  the  act  of  dissolving  in  water,  espe- 
cially when  they  are  dissolved  rapidly  and  in  large  quantity.  The 
^eatest  reduction  of  temperature  is  occasioned  by  those  which  con- 
lain  water  of  crystallization. 

All  salts  are  decomposed  by  Voltaic  electricity,  provided  they  are 
either  moistened  or  in  solution.  The  acid  appears  at  the  positive  pole 
of  the  battery,  and  the  oxide  at  its  opposite  extremity ;  or  if  the  oxide 
Is  of  easy  reduction,  the  metal  itself  goes  over  to  the  negative  side, 
and  its  oxygen  accompanies  the  acid  to  the  positive  wire. 

The  composition  of  salts  is  subject  to  the  laws  of  chemical  union ; 
and,  indeed,  the  study  of  these  compounds  by  Wenzel,  Richter,  and 
Berzelius,  together  with  the  facts  ascertained  by  Dr  Wollaston  and 
Dr  Thomson,  tended  materially  to  establish  the  doctrine  of  definite 
proportion.  All  salifiable  bases,  consisting  of  one  equivalent  of  a  me- 
tal and  one  equivalent  of  oxygen,  are  converted  into  neutral  salts,  that 
is,  into  salts  without  excels  either  of  acid  or  base,  by  uniting  with  one 
equivalent  of  an  acid.  When  a  metal  forms  two  salifiable  bases  with 
oxygen,  the  peroxide  manifests  a  tendency  to  unite  with  more  acid 
than  the  protoxide,  and  Gay-Lussac  has  demonstrated  the  existence 
of  the  following  law  :—that  the  quantity  of  acid  which  the  oxides  of 
tike  same  metal  require  for  saturation,  is  in  the  same  ratio  as  the 
quantity  of  oxygen  contained  in  their  oxides.  (Memoirs  D'Arcuetl, 
vol.  ii.)  Thus,  while  the  protosulphate  of  iron  contains  one  equiva- 
lent of  each  of  its  elements,  the  soluble  persulphate  is  composed  of 
one  equivalent  of  the  peroxide  of  iron,  and  one  equivalent  and  a  half 
of  sulphuric  acid.  In  like  manner,  the  peroxides  of  mercury  and  cop- 
per are  disposed  to  unite  with  two  equivalents  of  acid,  or  twice  as 
much  as  would  form  a  neutral  salt  with  the  protoxides  of  those  metals. 
Hence,  when  a  peroxide  unites  with  one  equivalent  of  an  acid,  the 
product  is  commonly  a  sub-salt. 

The  combination  of  salts  with  one  another  gives  rise  to  compounds 
which  were  formerly  called  triple  salts ;  but  as  the  term  double  salt, 
proposed  by  Berzelius,  gives  a  more  correct  idea  of  their  nature  and 
constitution,  I  shall  always  employ  it  by  preference.  These  salts 
may  he  composed  either  of  one  acid  and  two  bases,  or  of  two  acids 
and  one  base,  and  most  probably  of  two  different  acids  and  two  differ* 
ent  bases.  Nearly  all  the  double  salts  hitherto  examined,  consist  of 
the  same  acid  and  two  different  bases. 

On  Crystdllization. 

The  particles  of  liquid  and  gaseous  bodies,  during  the  formation  of 
solids,  sometimes  cohere  together  in  an  indiscriminate  maiiWft\,  "ti^^ 
give  rise  to  irregular  shapeless  masses ;  but  mote  ttec^Meti^'^  ^«^ 
si/aeb  themselves  to  each  other  in  a  certain  order,  ao  QlS  \o  cotA\I\\>3\fc 
9iUiii0  possessed  of  a  regularly  Umiied  form.     The  ptoceaa  "Vi'^  'wYvxOci 
wh  a  body  is  produced,  is  called  crystallization  ;  lYio  so\v^\X^^>^  V 
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tcnMd  •  eryiUd;  tnd  tbe  icI«im»  Um  obj«et  of  whleli.  ii  to  ttadf 
tlw  fiMm  ofeiTftelB,  Is  crytUiUognfhy, 

Most  bodies  crysUlKze  under  fkvommble  cireoutalieee.  Tbe  con- 
dlllon  by  whtcb  the  pioceti  is  peeuUtriy  ftronrnd,  in  the  iloir  Hi 
cnduti  change  of  a  fluid  into  a  solid,  the  arnwgeinent  of  the  partiehi 
behig  at  the  same  tine  undisturbed  by  motion.  Thin  is  ueapHfiid 
during  tbe  slow  cooling  of  a  fused  mass  of  sulphur  or  bisnmthy  or  Iks 
spontaneous  evaporation  of  a  saline  solution ;  and  the  origin  eflhi 
numerous  crvstals,  which  are  found  In  the  mlnaiml  ldD|{doin,  m^y  Is 
ascribed  to  the  influence  of  the  same  cause. 

Crvttallograpbera  have  observed  that  certain  erjrstaliine  fonni  m 
pecollar  to  certain  substances.    Thus  cakareoue  epar  ctystelttBei  k 
rhombohedrons,  fluor  spar  in  cubes,  and  quarts  in  sik-aided  pmnidf ; 
and  these  forms  are  so  far  peculiar  to  those  substances,  that  floor  ipv 
is  never  found  in  rhombohedrons  or  six-sided  pyramids,  nor  im 
calcareous  spar  or  quarts  ever  occur  in  cubee.      Cijrstalline  bm 
may,  therefore,  serve  as  a  ground  of  distinction  between  difleieatiib' 
stances.     It  in  accordinghr  employed  by  mineraloglsts  for  distniflddh 
ing  one  mineral  species  mm  another;  and  it  Is  very  servleeaEle  to 
the  chemist  as  affording  a  physical  character  for  salts.   On  tUi  aeeooit 
I  have  thought  it  woiSd  be  useful,  before  describing  the  ittUvidoal 
salts,  to  introduce  a  few  IM>RCS  on  crystallisation ;  but  fiem  tbe  groat 
extent  of  the  subject,  which  now  constitutes  a  separate  sdence,  my 
remarks  must  necessarily  be  limited,  and  comprehend  little  else  dual 
an  enumeration  of  the  primary  forms.    To  tboise  who  are  deurous  d 
more  ample  information,  I  may  recommend  Mr  Brooke's  "  Familiar 
Introduction  to  Crystallography,"  or  the  translation  of  Mohs's  Trea- 
tise on  Mineralogy  by  Mr  Haidinser. 

The  surfaces  which  limit  the  figure  of  crystals  are  called  planes  or 
faces,  and  are  generally  flat.   The  lines  formed  ~ 

by  the  junction  of  two  planes  are  called  edges  ; 
and  the  angle  formed  by  two  such  edges  is  a 
plane  angle.  A  solid  angle  is  the  point  form- 
ed by  the  meeting  of  at  least  three  planes. 
Thus  in  the  cube  or  hexahedron,  figure  1, 
a  a  a  are  planes,  b  b  are  edges,  and  e  e  solid 
angles.  The  cube,  it  is  apparent,  has  six 
planes  or  faces,  twelve  edges,  and  eight  solid 
angles.  Each  of  the  faces  has  four  angles, 
which  are  rectangular. 

The  forms  of  crystals  are  exceedingly  diversified.  They  are  dirided 
by  crystallographers  into  what  are  called  primitive,  primary,  deriu- 
iioe,  or  Jundamental  forms,  and  into  secondary  or  derived  formi. 
This  distinction  is  founded  on  the  fact,  that  the  same  substance  fife^ 
quently  assumes  different  crystalline  forms ;  which,  however,  tboiigb 
actually  different,  are  in  general  geometrically  allied  to  each  other. 


A  body,  for  instance,  whose  ordmary  figure 
is  a  cube,  may  assume  a  shape  represented  by 
figure  2,  where  the  general  outline  is  cubic, 
but  the  solid  angles  are  replaced  by  triangular 
faces ;  just  as  if  the  crystal  had  been  originally 
a  perfect  cube,  and  its  eight  solid  angles 
subsequentiv  removed  by  mechanical  means. 
Instead  of  the  solid  angles,  the  edges  of  the 
cube  may  be  wanting,  and  a  new  form,  such 
as  figure  8,  be  produced.    If  the  new  planes 
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n,  the  crystal  will  preserve  its  cubic  Fig.  8. 

Dce ;  but  if  they  are  larger,  the  outline 
lobe  will  be  less  distinct ;  and  should 
3  of  the  original  cube  wholly  disappear, 
Itogettier  different  will  result.  Se- 
crystals  are  those  which  may  be  thus 
I 'by  the  substitution  of  planes  for  the 
r  angles  of  some  primary  form ;  and 
lary  or  fundamental  form  is  that  from 
he  former  are  derived.  The  replace- 
commonly  produced  by  what  are  called  tangent  planes.  By 
It  plane,  in  reference  to  the  ed^e  of  a  crystal,  is  meant  a  plane 
equally  to  the  two  adjacent  pnmary  planes,  and  parallel  to  ttfe 
lich  it  replaces.  In  allusion  to  a  solid  angle,  a  tangent  plane 
y  inclined  on  all  the  primary  planes  of  which  the  solid  angle  is 
ted. 

lumber  and  kind  of  primary  forms  are  stated  differen  tly  by 
crystallographers,  according  to  the  system  which  they  adopt ; 
prehend  it  will  be  most  advantageous  to  the  chemical  student 
]uainted  with  those  enumerated  by  Mr  Brooke  in  the  work 
entioned.    They  are  fifteen  number. 

e  first  is  the  hexahedron  or  cube  of  geometricians,  a  figure 
by  six  square  faces.    All  the  angles  of  its  edges  are  also 
90  degrees.  (Fig.  1.)  Fig.  4. 


e  tetrahedron,  a  regular  solid  of  ge- 
is  contained  under  four  equilateral 
,  and  therefore  all  its  plain  angles  are 
60  degrees.  The  faces  incline  to 
ler  at  the  edges  at  an  angle  of  70°  81' 


e  regular  octahedron  is  contained 
;ht  equilateral  triangles,  figure  6,  and 
mtly  all  its  plane  angles  are  equal  to 
3S.  The  base  of  the  octahedron  bbbb 
re,  and  the  planes  incline  on  each 
the  edges  at  an  angle  of  109''  28' 
he  octahedron  is  a  regular  solid  of 


i  rhombic  dodecahedron,  figure  6,  is 
ly  twelve  similar  rhombic  faces,  the 
gles  of  which  are  equal  to  109°  28' 
70°  31'  44".  The  faces  incline  to 
er  at  the  edges  at  an  angle  of  120°. 
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6.  The  octahedron  with  a  equare  hate, 
figure  7,  U  bounded  by  eight  faces  which  are 
nmilar  isosceles  triangles.  The  base  bbbb  is 
always  a  square,  and  this  is  the  only  part  of 
the  figure  which  is  constant. 


6.  The  rectangular  octahedron,  figure  8, 
is  limited  by  eight  isosceles  triangles,  four  of 
which  are  different  from  the  other  four.  The 
base  bbbb  is  always  a  rectangle ;  but  the  ratio  ^ 
of  its  two  sides,  as  well  as  all  the  other  di- 
mensions of  the  figure,  is  variable. 


7.  The  rhombic  octahedron,  figure  9,  is 
contained  under  eight  faces  which  are  similar 
scalene  triangles,  and  the  base  bbbb  is  a 
rhomb.    All  its  dimensions  are  variable. 


8.  The  right  square  piism,  figure  10,  is  a  six 
sided  figure,  which  diners  from  the  cube  only 
in  its  four  lateral  planes  cccc  being  rectangles. 
The  extremities  or  terminal  planes  aa  are 
square.  The  term  right  denotes  that  the 
lateral  and  terminal  planes  are  inclined  to 
each  other  at  a  right  angle.  It  is  used  in  op- 
position to  oblique,  which  signifies  that  the 
sides  are  not  perpendicular,  but  form  an 
oblique  angle  with  the  terminal  planes. 

9.  The  right  rectangular  prism,  figure  11, 
differs  from  the  former  in  the  terminal  planes 
aa  being  rectangular  instead  of  square. 


10.  The  right  iVioiii\>\c  v^X^ta,  ^^t^  VL^ 
differs  from  the  two  ptetedm^  loTtaa  qt:^^  Va. 
it8  terminal  planes  aa  be\u^  niQ\£\i«. 


/ 


c 


c 
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Fig.  11. 
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he  right  rhomboidal  iirism,  figure  13, 
om  the  preceding  form  in  tlie  terminal 
xa  being  rhomboids. 


a  the  oblique  rhombic  prism,  the  ter- 
anes  aa  are  rhombic,  and  the  lateral 
Form  an  oblique  angle  with   them. 


he  oblique  rhomboidal  prism,  some- 
lied  the  doubly  oblique  prism,  figure 
srs  from  the  preceding  form  in  the 
planes  aa  being  rhomooids. 


be  rhombohedron,  figure  16,  is  bound- 
s  rhombic  faces,  which  are  exactly  of 
B  size  and  form. 


he  regular  hexagonal  prism,  figure 
nnded  by  six  perpendicular  or  lateral, 
horizontal  or  terminal  planes,  which 
;ht  angles  to  the  former.  Like  the 
lexagon  of  geometry,  the  lateral  planes 
o  each  other  at  an  angle  of  120  de- 
If  these  angles  are  not  of  120  degrees, 
n  is  irregular. 

bur  first  forms  are  geometrically  allied 
other.  Thus  if  the  six  solid  angles 
igular  octahedron  are  replaced  by  tan- 
nes,  as  in  figure  18,  and  these  are  en- 
intil  they  intersect  each  other,  and 
«  of  the  octahedron  disappear,  a  per- 
»e  is  produced.  If  the  twelve  edges 
octahedron  are  replaced  by  tangent 


Fig.  13. 


Fig.  16. 


Fig.  16. 
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planei*  as  in  figure  19,  and  these  are  extend-  Fig.  19. 

ed  till  they  mutually  intersect,  the  ibombic 
dodecahedron  will  be  formed.  The  cube 
may  by  analogous  changes  be  converted  into 
the  octahedron,  tetrahedron,  and  rhombic 
dodecahedron.  For  If  the  eight  solid  augles 
of  the  cube  be  replaced  by  equilateral  trian- 

§1es,   (fig.  2.)   and  these   are  enlarged  till 
jie  planes  of  the  origioal  cube  are  destroyed, 
the  octahedron  results.    The  tetrahedron  may 
be  formed  by  replacing  the  four  solid  angles 
ce  and  dd  of  the  cube  (fig.  1.)  by  tangent  planes,  so  that  all  its  origi- 
nal faces  disappear.    By  replacing  the  twelve  edees  of  the  cube  wra 
tangent  planes,  as  in  figure  3,  until  the  new  faces  intersect  eii^ 
other,  the  rhombic  dodecahedron  will  be  produced.    By  the  conbi- 
nation  of  the  planes  of  different  primary  forms,  various  secondary  onei 
are  created,  as  is  made  obvious  by  the  figures,  and  will  be  rendered 
still  clearer  by  making  the  transitions  above  described  with  an  apple 
or  potato.    The  study  of  such  allied  forms  is  very  Important,  because 
the  same  substance  often  occurs  in  several  of  these  figures,  and  may 
assume  all  of  them. 

The  octahedron  with  a  square  base  is  allied  to  the  right  square 
prism.  Thus  if  in  figure  7,  two  tangent  planes  are  substitnted  for  the 
solid  angles  aa,  and  the  edges  of  the  base  are  replaced  by  faces  per* 
pendicular  to  the  former,  new  forms  will  result.  If  the  faces  of  the 
octahedron  disappear,  the  right  square  prism  is  formed ;  but  if  traces 
of  them  remain,  secondary  forms  intermediate  between  the  two  pri- 
mary ones  will  be  produced. 

The  rectangular  and  rhombic  octahedrons,  and  the  right  rectangu- 
lar and  rhombic  prisms  are  associated  with  each  other.  Thus  on  re- 
placing the  solid  angles  aa,  and  the  four  edges  of  the  base  of  the  rectan- 
gular octahedron,  by  tangent  planes,  and  extending  them  till  the 
planes  of  the  octahedron  disappear,  the  right  rectangular  prism  is 
formed ;  and  the  rhombic  octahedron  by  a  similar  change  is  converted 
into  the  right  rhombic  prism.  By  applying  tangent  pUnes  to  all  the 
edges  of  the  rhombic  octahedron  except  those  of  the  base,  the  rectin- 
gular  octahedron  may  be  produced  ;  and  by  a  reversed  operation  the 
latter  is  converted  into  the  former.  In  this  case  the  solid  angles  of 
the  rhombic  octahedron  must  be  so  placed  as  to  bisect  the  edges  of 
the  base  of  the  rectangular  octahedron. 

The  rhombohedron  and  six  sided  or  hexagonal  prism  are  allied  to 
each  other.  If  tangent  planes  are  laid  on  the  two  solid  angles  aa  of 
the  rhombohedron,  (fig.  16,)  and  either  the  six  solid  lateral  angles 
marked  6,  or  the  edges  between  them,  are  replaced  by  equal  planes 
perpendicular  to  the  former,  a  six-sided  prism  results;  and  the  six-sid' 
ed  prism  may  be  reconverted  into  the  rhombohedron,  by  replacing  aU 
its  alternate  solid  angles  by  equal  and  similar  rhombic  planes. 

The  six-sided  prism  is  often  associated  in  nature  with  a  double  six   ': 
sided   pyramid,  formed  by  all  its  terminal   edges   being  replaced  by 
isosceles  triangles.     If  the  faces  of  the  prism  disappear,  the  douWe 
six-sided  pyramid  results. 

The  crystaWine  forma  which  have  an  intimate  geometrical  connec- 
tion with  each  other,  we  coii%\^ctfe^\i^  ^t^%v^\<^^cQ.\^hers  as  constitut- 
ing certain  groups,  yihvch  ^x«  Vc^xtcv^^  $^«\em«  o|  Or^^QSiSMM£uM. 
Thus,   of  the   ftfleen  vnm«it^  fotroa  iJoos^  ^%%^\^i;^\^  ^<^  *\««!^ 
System  of  Mobs  compreheuAa  XYv^  c«J^,  ^^  V^Vra5wfc.^\«iv^'^^«^», 
octahedron,  and  the  thomhvc  AoAee^Wxo^.  .V^'^'^^L^^^ 
others  not  enumerated  ,  hVs  Y^xiimx^xc^X  ^l^Vfcxi^  ^^x.vto^^^ 
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bedron  with  a  square  base,  and  the  right  square  prism ;  the  Prismatic 
System  contains  the  rectangular  and  rhombic  octahedron,  and  the 
right  rectangular  and  right  rhombic  prisms ;  the  Hemiprismatic 
System  includes  the  right  rhomboidal  and  the  oblique  rhombic 
uisms ;  the  oblique  rhomTOidal  prism  belongs  to  the  Tetrarto-prismatic 
System;  and  the  Rhombohedral  System  compreheifds  the  rhombo- 
bedron  and  the  regular  hexagonal  prism.  This  distinction  Is  so  far 
Important,  that  au  the  forms  which  a  salt,  or  any  substance  in 
l^neral  assumes,  must  belong  to  the  same  system  of  crystallization. 

Besides  the  distinction  arising  from  estemal  form,  minerals  are  fur- 
ther distinguished  by  differences  in  the  mechanical  connection  of  their 
particles,  peculiarities  which  mineralogists  designate  by  the  name  of 
ftmettire.  The  structure  of  a  mineral  arises  from  its  particles  adher- 
ing at  some  parts  less  tenaciously  than  at  others,  and  consequently 
yielding  to  force  in  one  direction  more  readily  than  at  another.  Struc- 
ture is  sometimes  visible  by  holding  a  mineral  between  the  eye  and 
the  light;  but  in  general  it  is  brought  into  view  by  effecting  the  actual 
separation  of  parts  by  mechanical  means. 

The  structure  of  minerals  may  be  regular  or  irregular.  It  is  re- 
gular when  the  separation  takes  place  in  such  a  manner,  that  the  de- 
tached surfaces  are  smooth  and  even,  like  the  planes  of  a  crystal ;  and 
it  is  irregular,  when  the  new  surface  does  not  possess  this  character. 

A  minerai  which  possesses  a  regular  structure  is  said  to  be  cleavable, 
or  to  admit  of  cleavage  ;  the  surSices  exposed  by  splitting  or  cleaving 
a  mineral  are  termed  the  faces  of  cleavage ;  and  the  direction  in 
which  it  may  be  cleaved  is  called  the  direction  of  cleavage.  Some- 
times a  mineral  is  cleavable  only  in  one  direction,  and  is  then  said  to 
have  a  Hngle  cleavage.  Others  may  be  cleaved  in  two,  three,  four, 
or  more  directions,  and  are  said  to  have  a  double,  treble,  fourfold 
cleavage,  and  so  on,  according  to  their  number. 

Blinerals  that  are  cleavable  in  more  than  two  directions  may,  by 
the  removal  of  layers  parallel  to  the  planes  of  their  cleavage,  be. often 
made  to  assume  regular  primary  forms,  though  they  may  originally 
hare  possessed  a  different  figure.  Calcareous  spar,  for  exaaople,  oc- 
cuia  in  rhombohedrons  of  different  kinds,  in  hexagonal  prisms,  in  six 
aided  pyramids,  and  in  various  combinations  of  these  forms ;  but  it  has 
three  sets  of  cleavage,  which  are  so  inclined  to  each  other  as  to  con- 
■titute  a  rhombohedron  of  invariable  dimensions,  and  into  that  form 
every  crystal  of  calcareous  spar  may  be  reduced.  Lead  glance  pos- 
sesses a  treble  cleavage,  the  planes  of  which  are  at  right  angles  to 
each  other ;  and  hence  it  is  always  convertible  by  cleavage  into  the 
cube.  The  cleavages  of  fluor  spar  are  fourfold,  and  in  a  direction 
parallel  to  the  planes  of  the  regular  octahedron,  into  which  form 
erery  cube  of  fluor  may  be  converted. 

Cleavage  not  only  affords  a  qseful  character  for  distinguishing 
minerals,  but  is  frequently  employed  by  mineralogists  for  detecting 
the  primary  forms  of  crystals.    If  a  mineral  occur  in  two  or  more  of 
those  forms  which  have  been  enumerated  as  primary,  that  one  is  usu- 
ally selected  as  fundamental,  which  may  be  produced  by  cleavage. 
Thus  fluor.  spar  is  met  with  in  cubes,  in  tlie  form  of  the  regular  octa- 
hedron, and  as  the  rhombic  dodecahedron.    Of  these  the  cube  is  by  far 
the  most  frequent;  and  yet  the  octahedron  is  usually  adopted  as  thft 
fimdameDtal  form,  because  fluor  has  four  eqaaW^  d\sX\iic\.  cV««:^%.<^gsa 
parallel  to  the  pJaoea  of  that  flgure.    It  is.  Indeed,  ^  ^i^e>\t^&  ^«t^ 
eommoa  among  mineralogists,  not  only  to  conaiAei  c\«vi^v^^  ^"^  ^^ 
9Mi  iaaueaUal  cireumatance  in  fixing  the  primaTy  fona  of  «i  w^«.\»Vi 
aiio^o^t^  aucb  do  figure  which  Is  inconaislenv  wWYkVla  t\«aN«^« 
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Sioee  the  forms  above  eDumerated  as  beIoii|png  to  the  tettohr  syi* 
tem  of  crystallization,  are  possessed  of  fixed  mvarUble  cUmensionsiit 
is  obvious  that  minerals  or  other  crystallized  bodies  included  in  tbit 
system  must  often  in  their  primary  forms  be  identicid  with  each  othsb 
In  the  other  systems  of  crystallization  this  identity  is  not  necessuj, 
because  the  dimensions  of  their  forms  are  variable.  Thus  octahedron 
with  a  square  base  may  be  distinguished  by  the  rdative  length  if 
their  axis,  some  being  nat  and  others  acute.  Rhombic  octah&nai 
may  be  distinguished  from  each  other  by  the  relative  length  of  tbar 
axis,  and  the  angles  of  their  base.  By  Haiiy  it  was  regarded  is  m 
axiom  in  crystallography,  that  minerals  not  belonging  to  the  teandic 
system  are  characterized  by  their  form;  that  though  two  minenli 
may  in  form  be  analogous,  each  for  instance  being  a  rhombic  priaBr 
the  dimcoiiions  of  those  prisms  are  different.  Identity  of  form  in  ayh 
tals  not  included  in  the  tessular  system  was  thought  to  indicate  ido* 
tity  of  composition.    But  in  the  year  1819,  a  discovery  eztremelr  im- 

Sonant  both  to  mineralogy  and  chemistry  was  made  by  ProKMor 
litschcrlich  of  Berlin,  relative  to  the  connection  between  the  ciystal- 
line  form  and  composition  of  bodies.  It  appears  from  his  lesesrehes', 
that  certain  substances  are  capable  of  being  substituted  for  eidi  other 
in  combiuatiou,  without  influencing  the  form  of  the  compouod.  This 
singular  ciicumstance  has  been  ably  traced  by  Professor  Mincherlich 
in  the  salts  of  phosphoric  and  arsenic  acids.  Thus  the  neutral  phos- 
phate and  bipbosphate  of  soda  have  exactly  the  same  form  as  the  ar- 
seniate  and  binarscniate  of  soda.  The  phosphate  and  biphosphate  of 
ammonia  con  espond  in  like  manner  to  the  arscniate  andbinarseniateof 
ammonia.  I'he  neutral  phosphate  and  arseniate  of  potassa  could  not 
be  obtained  in  crystals  fit  for  examination  ;  but  the  biphosphate  aod 
binarseniatc  of  that  alkali  have  the  same  form.  Each  arseniate  has  a 
corresponding  phosphate,  possessed  of  the  same  form,  and  coDtaining 
the  same  number  of  equivalents  of  acid,  alkali,  and  water.  These 
series  of  sails  in  fact  difler  in  nothing  but  in  one  containing  arseDic 
and  the  other  phosphoric  acid. 

From  these  and  analogous  facts,  it  appears  that  certain  substances, 
when  similarly  combined  with  the  same  body,  are  disposed  to  affect 
the  same  crystalline  form.  This  discovery  has  led  to  the  formation  of 
groups,  each  comprehending  substances  which  crystallize  in  the  same 
manner,  and  wbich  are  hence  said  to  be  isomorphous.  The  salts  of 
arsenic  acid  are  isomorphous  with  those  of  phosphoric  acid.  The  ox- 
ide of  lead,  baryta,  and  strontia,  when  combined  with  the  same  acid, 
yield  salts  which  are  said  by  Professor  Mitscherlicli  to  be  isomorphous. 
The  salts  of  lime  are  isomorphous  with  those  of  magnesia,  protoxides 
of  manganese,  iron,  cobalt,  and  nickel,  oxide  of  zinc,  and  peroxide  of 
copper.  The  salts  of  selenic  and  sulphuric  acids,  when  similarly 
united  with  water  and  the  same  base,  assume  the  same  form;  and 
the  salts  of  the  peroxide  of  iron  are  isomorphous  with  those  of 
alumina. 

The  similarity  of  the  chemical  constitution  of  isomorphous  bodies  is 
peculiarly  striking.  The  first  singularity  of  the  kind  which  merits 
notice,  is  the  tendency  of  some  isomorphous  salts  to  combine  with 
the  same  quantity  of  water  of  crystallization.  This  is  especially  re- 
markable in  the  salts  of  arsenic  and  phosphoric  acids.  The  biphos- 
phate and  blnarsemale  ol  i^o\aL%%^  cr^^lallize  with  two  equivaleots  ef 
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iter.  The  neatnl  pbo§phate  and  araeniate  of  soda  eontalD  twelve 
•ad  a  half  equivalents  of  water;  and  in  the  biphosphate  and  binarseni- 
•te  of  aeda,  four  equivalents  of  water  are.  present.  The  quantity  of 
water  contained  in  the  arseniates  of  ammonia  corresponds  to  that  of 
the  phosphates  of  ammonia.  Indeed  scarcely  any  crystallized  artifi- 
eUl  aieeniate  is  known,  to  which  a  corresponding  phosphate  has  not 
been  discovered.  If,  on  the  contraiy,  two  isomorphous  salts  crys- 
tftllize  with  difierent  equivalent  quantities  of  water,  their  forms  are 
fband  to  difier  also.  The  common  sulphates  of  manganese  and  cop- 
per differ  in  form  from  the  sulphates  of  iron  and  zjnc ;  whereas  when 
tbeir  crystals  contain  the  same  number  of  equivalents  of  water,  their 
form  is  identical.  Mitscherlich  has  remarked  that  isomorphous  salts, 
which  when  pore  combine  with  different  proportional  quantities  of 
water,  are  disposed  in  crystallizing  together  to  unite  with  the  same 
number  of  equivalents  of  water,  and  assume  the  same  form.  The 
mixed  sulphates  of  iron  and  copper  crystallize  together  with  great 
facility;  and  the  crystals,  though  containing  a  considerable  quantity 
of  copper,  have  the  same  proportional  quantity  of  water  ami  the  same 
form  as  the  pure  protosulphate  of  iron.  According  to  Mitscherlich, 
the  sulphates  oCzInc  and  copper,  of  copper  and  magnesia,  of  copper 
end  nickel,  of  zinc  and  manganese,  and  of  magnesia  and  manganese, 
crvstallize  together  with  six  equivalents  of  water  of  crystallization, 
(tnesame  number  he  states  as  in  protosulphate  of  iron)  and  have  the 
same  form  as  green  vitriol,  without  containing  a  trace  of  iron.  In 
these  instances  the  isomorphous  salts  do  not  occur  in  definite  propor- 
tions; so  that  though  they  crystallize  together,  they  do  not  appear  to 
be  chemically  united. 

The  similarity  in  the  chemical  constitution  of  isomorphous  sub- 
stances may  be  illustrated  in  a  different  way.  Thus,  in  isomorphous 
nits,  the  proportional  quantities  of  acid  and  base  are  the  same.  A 
neutral  phosphate  does  not  correspond  to  a  binarseniate,  nor  a  biphos- 
phate to  a  neutral  arseniate.  There  is, in  general  also  an  exact 
•imilarity  in  the  composition  of  the  constituents  of  isomorphous 
eobBtances.  Thus  all  chemists  agree  that  the  atomic  constitution  of  . 
arsenic  and  phosphoric  acids  is  the  same  ;  and  the  fact  is  still  further 
evinced  by  the  composition  of  selcnic  and  sulphuric  acids.  This 
singular  coincidence  led  Professor  Mitscherlich  to  believe,  that  the 
form  of  crystals  depends  on  their  atomic  constitution.  He  at  first 
-  suspected  that  identity  of  crystalline  form  is  determined  solely  by  the 
number  of  atoms,  and  the  mode  in  which  they  are  united,  quite 
independently  of  their  nature.  Subsequent  observation,  however. 
Induced  him  to  abandon  this  view ;  and  his  opinion  now  appears  to 
be,  that  certain  elements,  which  are  themselves  isomorphous,  when 
combined  in  the  same  manner  with  the  same  substance,  communicate 
the  same  form.  Similarly  constituted  salts  of  arsenic  and  phosphoric 
acid  yield  crystals  of  the  same  figure,  because  the  acids,  it  is  thought, 
are  tnemselves  isomorphous ;  and  as  the  atomic  constitution  of  these 
adds  is  similar,  each  containing  the  same  number  of  atoms  of  oxygen 
united  with  the  same  number  of  atoms  of  the  other  ingredient,  it  is 
inferred  that  phosphorus  is  isomorphous  with  arsenic.  In  like  man- 
ner it  is  believed  that  selenic  acid  must  be  isomorphous  with  sulphuric 
add,  and  selenium  with  sulphur ;  and  the  same  identity  of  form  is 
ascribed  to  all  those  oxides  above  enumeialed,  lYve  a^\\a  ol  Nq\v\^  ^\^ 
\8omorpbou8.  The  accuracy  of  this  ingemoua  v\ew  Yv^^  woV.^^V^^'g^ 
put  to  the  teat  ofextenaive  observation,  because  \he  et^«X?i^vck^  V^vov'b 
of  tbfi  Bubatancea  in  guestion  are  for  the  most  ^wX  wto^'a^mi*   "fc^ 
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••IfM  IfOMOfphovt.    It  magr  Imum  b« 
tosMfphoot  compoondtfaifiiienltitofrM 
onltinf  In  Cht  mom  manner  wMh  te  mbm  m 

TIm  dtaeoTMy  of  ProliMMff  IfltochdiBdi,  whDn  tt 
to  mlnenlogiiti  tgslnit  too  inpHelt  iuMwifn  on  in; 
ftetor,  it  in  MvonlresMets  of  doop  IntoiMl  to  Hkm 
to  Uj  opon  fioldf  of  iiDqaliy  whieii  aqr  aoC  oChMwiM  hM  ki^ 
thought  oft  tndttMMlMMi  to  tho  dlieofwy  of  B0W  nlMl  "" 

taadeney  of  Itomorpbont  bodloo  to  ofotolllni  tegithot 
the  fUffienity  of  puril^rinc  miituret  of  in»niorphoiM  nlto  ~ 
tion.  The  fame  propeity  aeu  the  chemlot  on  fate  gn 
oecuifenee  of  iaomoffphont  eabetaneei  In  cqraMlaod 
nati?e  phofphates,  for  example,  fieqnently  contolB  ueeolB-  adi^  jrf 
eon?erMly  the  nati?e  aieentotea,  phoaphoile  add,  wUhoot  the  mmf 
the  cryitalsbehig  thereby  aflCeeted  In  thhaUgbtootdegren.  ttbHl 
to  aflbrd  a  luefal  guide  in  diaeovering  the  ntomle  eowtUrihis 
eompoundf.  Thui  BeneUna  conaideBi-perazldn  of  iniito|ffl» 
poaed  of  two  atoma  of  iron  and  tliree  atoma  of  oxygen;  anl  atlli 
laomorpboua  withalomtoa,  the  eompoaltton  of  the  lattarli^anii 
thought  to  be  analogoua.  The  limihurity  to  tfto  compoaWon  ef  WJ 
other  iaomorphoua  eompomida  givea  cooaldembin  MghttoAadiF 
ment ;  but  our  Imowledge  of  thia  aul^eet  le  ••  yet  toe  Mm  J| 
.  ezdto  much  confidenca.  It  ia  poatlble  that  alandnlani  aad  bmnil 
themaelves'  be  not  iaomorphoua,  but  yield  ieomorphooa  eiUn  If 
uniting  with  oxygen  in  different  proportiona.  The  phenonana  pn> 
tented  by  isomorphous  bodies  afford  a  powerful  argummt  ta  hroor 
of  the  atomic  theory.  They  are  intimatelv  connected  widi  tto  km 
of  chemical  union ;  and,  like  these  laws,  admit  of  a  aatiafiietoiyapli- 
nation  only  by  supposing  the  constitution  of  matter  to  be  atonde.      ' 

In  one  of  the  essays  above  referred  to.  Professor  Mitseheifieli  tb- 
served  that  the  biphosphate  of  soda  is  capable  of  yielding  two  diitioet 
kinds  of  crystals,  which,  though  different  in  form,  in  compodtkmip 
peared  to  be  identical.  The  more  uncommon  of  the  two  fonai  » 
semblod  the  binarseniate  of  soda  ;  but  the  more  usual  form  is  Qolh 
dissimilar.  He  has  since  discovered,  that  sulphur  is  capable  of  yml* 
ing  two  distinct  kinds  of  crystals ;  and  infers  from  his  obaemtioii 
that  a  body,  whether  simple  or  compound,  can  assume  two  difliMtK 
crystalline  forms.  The  cause  of  this  unexpected  fiict  isnot  yetn* 
certained. 
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by  which  the  presence  of  sulphuric  acid,  whether  free  or  combined, 
may  always  be  recognised.  An  insoluble  sulphate,  such  as  the  sul- 
phate of  baryta  or  strontia,  may  be  detected  by  mixing  it,  in  fine  pow- 
der, with  three  times  its  weight  of  carbonate  of  potassa  or  soda,  and 
exposing  the  mixture  in  a  platinum  crucible  for  half  an  hour  to  a  red 
heat.  DouUe  decomposition  ensues ;  and  on  digesting  the  residue 
in  water,  filtering  the  solution,  neutralizing  the  free  alkali  by  pure 
mariatic,  nitric*  or  acetic  acid,  and  adding  muriate  of  baryta,  the  in- 
soluble  sulphate  of  that  base  is  precipitated. 

Several  of  the  ^phates  exist  in  nature,  but  the  only  ones  which 
are  abundant  are  the  sulphates  of  lime  and  baryta.  All  of  them  may 
be  formed  by  the  action  of  sulphuric  acid  on  the  metals  themselves, 
on  the  metallic  oxides  or  their  carbonates,  or  by  way  of  double  de- 
composition. 

The  solubility  of  the  sulphates  is  very  variable.  There  are  six  only 
which  may  be  regarded  as  really  insoluble ;  namely,  the  sulphates  of 
baryta,  tin,  antimony,  bismuth,  lead  and  mercury.  The  sparingly 
soluble  sulphates  are  those  of  strontia,  lime,  zirconia,  yttria,  cerium, 
and  silver.    All  the  others  are  soluble  in  water. 

All  the  sulphates,  those  of  potassa,  soda,  lithia,  baryta,  strontia,  and 
lime  excepted,  are  decomposed  by  a  white  heat.  One  part  of  the 
sulphuric  acid  of  the  decomposed  sulphate  escapes^  unchanged,  and 
another  portion  is  resolved  into  sulphurous  acid  and  oxygon.  Those 
which  are  easily  decomposed  by  heat,  such  as  the  sulphate  of  iron, 
yield  the  largest  quantity  of  undecomposed  sulphuric  acid. 

When  a  sulphate,  mixed  with  carbonaceous  matter,  is  ignited,  the 
oxygen  both  of  the  acid  and  of  the  oxide  unites  with  carbon,  carbonic 
acid  is  disengaged,  and  a  metallic  sulphuret  remains.  A  similar 
change  Is  produced  by  hydrogen  gas  at  a  red  beat,  with  formation  of 
water,  and  frequently  of  some  sulphuretted  hydrogen.  In  some  in- 
stances, the  hydrogen  entirely  deprives  the  metal  of  its  sulphur. 

The  composition  of  the  sulphates,  so  far  as  they  are  subject  to 
general  laws,  has  already  been  described.  (Page  181.) 

Su^hate  of  Potassa* — This  salt  is  easily  prepared  artificially  by 
neutralizing  carbonate  of  potassa  with  sulphuric  acid;  and  it  is  procur- 
ed i^ndantly  as  a  product  of  the  operation  for  preparing  nitric  acid. 
(Page  166.)  Its  taste  is  saline  and  bitter.  It  crystallizes  in  six-sided 
prisms,  bounded  by  pyramids  with  six  sides.  The  crystals  contain  no 
water  of  crystallization,  and  sufier  no  change  by  exposure  to  the  air. 
They  decrepitate  when  heated,  and  enter  into  fusion  at  a  red  heat. 
They  require  sixteen  times  their  weight  of  water  at  60°  F.  and  five 
of  tailing  water  for  solution. 

The  sulphate  of  potassa  is  composed  of  40  parts  or  one  equivalent 
of  sulphuric  acid,  to  48  parts  or  one  equivalent  of  potassa. 

The  bisulphate  df  potassa,  which  contains  twice  as  much  acid  as 
the  foregoing  salt,  is  easily  formed  by  digesting  88  parts  or  one  equiv- 
alent of  the  neutral  sulphate,  with  water  containing  about  60  parts  of 
concentrated  sulphuric  acid,  and  evaporating  the  solution.  The  form 
of  its  crystals  is  a  rhombic  prism.  It  has  a  strong  sour  taste,  and  red- 
dens litmus  paper.  It  is  much  more  soluble  than  the  neutral  sulphate, 
requiring  for  solution  only  twice  its  weight  of  water  at  60°  and  less 
thttn  an  eaual  weight  at  212°  F.  It  is  resolved  by  heal  mvo  «N\'^YiKi'ev& 
tcM  and  the  neofrai  sulpbate. 

Sulphate  qfSoda, — The  sulphate  of  soda,  commoiA^  ca^e^  G\QU- 
IsrV  saii,  h  oecaMioDally  met  with  on  the  surface  oi  liltie  eojtVyi^  VD&N» 
vgiMBify  eootaiaed  ju  mineral  springs.     U  ma^  \ie  m«L^^  Vj  ^« 
f^etMcti^n  of  sulphuric  acid  on  carbonate  ot  aoAa\   aiiiii  \VV*  V^ 
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eured  in  Itrge  quantity  m  a  residue  in  the  processes  for  foniua{ 
muriatic  acid  and  chlorine.  (Pages  196  and  201.) 

Sulphate  of  soda  has  a  cooling,  saline,  and  bitter  taste.    It  eon* 

monly  yields  four  and  six-sided  prismatic  crystals,  but  its  primiiy 

form  is  a  rhombic  octahedron.      Its  cmtals  effloresce  rapidly  whee 

exposed  to  the  air,  and,  according  to  Beizelius,  are  composed  of  72 

parts  or  one  equivalent  of  the  neutral  sulphate,  and  90  parts  or  ta 

equivalents  of  water.    The  crystals  readily  undergo  the  watery  foaioD 

when  heated.    Water  at  60"  F.  dissolves  at>out  one-third  of  its  wngM 

of  the  crystallized  salt,  at  72"  nearly  half  its  weight,  twice  its  we^rt 

at  8S",  and  3.2  of  its  weip;ht  at  106''.     On  increasing  the  heat  beyrad 

this  point,  a  portion  of  the  salt  is  deposited,  being  less  soluble  than  it 

106'.     If  a  solution  saturated  at  106''  is  evaporated  at  a  higher  ten* 

pera^jre,   the   salt  separates  in  opake  prismatic  crystals,  which  «t 

anli\' (Irons. 

The  bisuiphale  of  soda  may  be  formed  in  the  same  manner  as  the 
analogous  salt  of  potassa. 

Sulphate  of  Lithia. — This  salt  is  very  soluble  in  water,  fuses  by 
heat  moio  readily  than  the  sulphates  of  the  other  alkalies,  and  ciystal- 
lizes  in  prisms,  which  resemble  the  sulphate  of  soda  in  appearance, 
but  do  not  effloresce  on  exposure  to  the  air.  Its  taste  is  salioe,  with> 
out  being  bitter. 

Sulphate  of  Ammonia. — Thi?  salt  is  easily  prepared  by  neutralizing 
carbonate  of  ammonia  with  dilute  sulphuric  acid  ;  and  is  coatained  in 
considciable  quantity  in  the  soot  from  coal.  It  crystallizes  in  loo^ 
fl.itti'no.i  f-ix-sideil  prisms.  It  dis.^olvcs  in  two  parts  of  water  al60\ 
ami  ill  an  equal  weight  of  boiling  water.  It  is  sublimed  by  heat,  but 
iri  |>ai(ii<IIy  decomposed  at  the  same  time.  The  crystals  are  composed 
of  10  |Mit-<  or  one  equivalent  of  acid,  and  17  parts  or  one  equivalent  of 
luniiioiiia,  combined  according  to  Dr  Thomson  with  one,  and  accord- 
ing to  lUizelius  with  two,  equivalents  of  water. 

Sulplmte  of  Baryta. — The  native  sulphate  of  baryta,  commonly 
called  hfartf  spar,  occurs  abumlantly,  ciiiefly  massive,  but  some- 
times ii-  4.niiyvirous  crystals,  the  form  of  which  is  variable,  being 
soinetiiiios  piismatic  and  sometimes  tabular.  Its  primary  form  is  i 
right  ihoiitbic  prism.  Its  density  is  about  4.4.  It  is  easily  formed 
artilici.illy  by  the  way  of  double  decomposition.  This  salt  bears  an 
intense  heat  without  fusing  or  undergoing  any  other  change,  and  is 
one  of  the  most  insoluble  substances  with  which  chemists  are  ac- 
quQintrd.  It  is  sparingly  dissolved  by  hot  and  concentrated  sulphuric 
acid,  Imi  it  is  precipitated  by  the  addition  of  water.  According  toDr 
ThoiMsoi',  it  is  composed  ot  73  parts  or  one  equivalent  of  baiyta,  and 
40  parts  or  one  equivalent  of  sulphuric  acid. 

Sulphate  of  Strontia. — This  salt,  the  celcstine  of  mineralogist.",  is 
Ics.j  alnmdnnt  than  heavy  spar.  It  occurs  in  prismatic  crystals  ol 
peculiar  beauty  in  Sicily,  and  its  primary  form  is  a  right  rhombic 
prism.  Its  density  is  3.85S.  As  obtained  by  the  way  of  double  de- 
composition, it  is  a  white  heavy  powder,  very  similar  to  sulphate  of 
baryta.  It  requires  about  3840  times  its  weight  of  boiling  water  for 
solution.  According  to  Dr  Thomson,  it  consists  of  52  parts  or  one 
equivalent  of  strontia,  and  one  equivalent  of  sulphuric  acid. 

Sulphate  of  Lime. — This  salt  is  easily  formed  by  mixing  a  solution 
of  muriate  of  lime  with  any  soluble  sulphate.  It  occurs  abundantly  as 
a  nattiral  production.  The  mineral  called  anhydrite  is  anhydrous 
sulphate  of  lime;  and  all  the  varieties  of  gypsum  are  composed  of 
the  same  salt,  unUed  w'wVv  ^q^let.  The  pure  crystallized  specimcDS 
of  gypsum  are  &omelui\cs  t^WeA  8fAen\U  ^   vcv\  '^vi  h^Vcvv^  compact 
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variety  |s  employed  in  itatuaiy  uoder  the  name  of  alahaster.  The 
crystiuf  are  generally  flattened  prisms,  the  primary  form  of  which  is  a 
rhombic  prism.  The  anhydrous  compound  consists  of  one  equivalent 
of  acid,  and  28  parts  or  ode  equivalent  of  lime ;  and  pure  gypsum, 
according  to  Dr  Thomson,  is  composed  of  68  parts  or  one  equivalent 
of  sulphate  o^lime,  and  18  parts  or  two  equivalents  of  water.  The 
hydrous  salt  is  deprived  of  its  water  by  a  low  red  heat,  and  in  this 
state  forms  plaster  of  Paris.  Its  property  of  becoming  hard,  when 
made  into  a  thin  paste  with  water,  is  owing  to  the  anhydrous  sulphate 
combining  chemically  with  that  liquid,  and  thus  depriving  it  of  its 
fluidity. 

Sulphate  of  lime  has  hardly  any  taste.  It  is  considerably  more 
soluble  than  the  sulphates  of  baryta  or  strontia,  requiring  for  solution 
about  500  parts  of  cold,  and  450  of  boiling  water.  Owing  to  -this 
circumstance,  and  to  its  existing  so  abundantly  in  the  earth,  it  is  fre- 
quently contained  in  spring  water,  to  which  it  communicates  the 
property  called  hardness.  When  freshly  precipitated,  it  may  be 
dissolved  completely  by  dilute  nitric  acid.  It  is  commonly  believed 
to  sustain  a  white  heat  without  decomposition ;  but  Dr  Thomson 
states,  that  it  parts  with  some  of  its  acid  when  heated  to  redness. 

Sulphate  of  Maf^nesia. — This  sulphate,  generally  known  by  the 
name  of  Epsom  salt,  is  frequently  contained  in  mineral  springs.  It 
may  be  made  directly,  by  neutralizing  dilute  sulphuric  acid,  with 
carbonate  of  maenesia ;  but  it  is  procured  for  the  purposes  of  commerce 
by  the  action  of  dilute  sulphuric  acid  on  magnesian  limestone,  the 
native  carbonate  of  lime  and  magnesia. 

Sulphate  of  magnesia  has  a  saline,  bitter,  and  nauseous  taste.  It 
ciystaJlizes  readily  in  small  quadrangular  prisms,  ivhich  elBoresce 
slightly  in  a  dry  air.  It  is  obtained  also  in  larger  crystals,  which  are 
irregular  six-sided  prisms,  terminated  by  six-sided  summits.  Its  pri- 
mary form  is  a  right  rhombic  prism,  the  angles  of  which  are  90°  30' 
and  89^80'.  (Brooke.)  Its  crystals  are  soluble  in  an  equal  weight  of 
water  at  60°,  and  In  three-fourths  of  their  weight  of  boiling  water. 
They  undergo  the  watery  fusion  when  heated;  and  the  anhydrous 
salt  is  deprived  of  a  portion  of  its  acid  at  a  white  heat.  The  crystals 
are  composed,  according  to  M.  Gay-Lussac,  of  60  parts  or  one  equiva- 
lent of  the  dry  sulphate,  and  63  parts  or  seven  equivalents  of  water. 

On  mixing  solutions  of  sulphate  of  magnesia  and  sulphate  of  potassa 
In  atomic  proportion,  and  evaporating,  a  double  salt  is  formed,  which 
consists  of  one  equivalent  of  each  of  the  salts  and  six  equivalents  of 
water.  The  crystals  are  prismatic,  but  of  a  complicated  nature,  and 
are  connected  with  an  oblique  rhombic  prism.  A  similar  double  salt, 
isomorphous  with  the  preceding,  is  formed  by  spontaneous  evaporation 
from  the  mixed  solutions  of  sulphate  of  ammonia  and  sulphate  of 
magnesia.  The  crystals  contain  one  equivalent  of  each  of  the  two 
salts,  and  eight  equivalents  of  water. 
Sulphate  of  Alumina. — The  pure  sulphate  of  alumina  is  a  com- 

Emnd  of  little  interest ;  but  with  the  sulphate  of  potassa,  it  forms  an 
teresting  double  salt,  the  well-known  alum  of  commerce. 
Alum  has  a  sweetish  astringent  taste.  It  is  soluble  in  five  parts  of 
water  at  60°  F.  and  in  little  more  than  its  own  weight  of  boiling 
water.  The  solution  reddens  litmus  paper ;  but  it  is  doubtful  whether 
this  Is  owing  to  an  excess  of  acid,  or,  to  the  weak  affinity  existing 
between  alumina  and  sulphuric  acid.  (Page  876.)  It  crystallizes 
readily  in  octahedrons,  or  in  segments  of  an  octahedron,  andtK<& 
eijstals  contain  almost  50  per  cent  of  watet  ol  ci^«V^yia&^ti.  ^^ 
being  t\po»ed  to  beat,  they  froth  up  remarkabA^,  ^ikd  ^^\\.yiV^  vi^^^ 
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latag  (tAiydroa*  alam,  tiM  alamen  vthalt  of  the  pluii>' 
At  ■  Tull  fed  hesl,  lbs  alumln*  Is  deprived  of  iti  acid, 

doubl  ns  to  (he  real  composlttan  of  alum.    Atttei- 
on,  it  It  composed  af 

of  ilumloaa         1'*  three  equlv»l«»it». 

'  SolpfaataafpoUMEi,  88         one  equiviOcnt. 

WUcr,  22fi         tHenty-fire  equhratek 

Ut  PMWiw,  m  l>M  eontraiT,  Kgards  il  as  a  compound  at  tM 
•qolnlMil*  of  lulphite  of  tlurotoa,  one  equlvaleol  ol  bUulphalt  <i 
potif,  iDd  Ivealy-liro  equivileoti  of  waler- 

Sulphtt*  o(  klumlDi  fotma  irltb  nilphata  of  ammonia,  uid  wA 
•olphtM  el  Mda,  douUs  ralu,  wbich  iie  very  aiiBlogous  (o  cmdim 

A^pAol*  of  .VangaiK»«. — Tlili  >rit  ti  best  obtained  b]r  dtnotriK 
pun  eutwMte  of  nitngtoeM  In  niodenlely  dilule  BulphuilC  aeii,m 
tatllm  lb*  loFuiiaD  aside  to  ci^bIbIIIzb  by  ipontaueous  enpanlin 
Ttw  eiTtttlt  tie  trunipment,  and  of  a  alight  ro)e  tint,  iu  Isile  KKoIilt 
Ohubw^  mU,  and  orcni  in  Qit  ihombic  prisma,  ll  ia  Inialoble  b 
■leohol.but  dtaaolvesinlwiconadabalfilmei  its  weight  of  cddmU, 
Ifffidiitlljr  heated,  il  mty  be  long  eipoMd  to  a  itiodeiaU  nd  but 
wlibont  1m1d(  soy  of  l(a  acid.  He  ccyalala  are  compoaad  aft) 
ptrtiorone  equiiitlenl  gf  aulphuile  acid,  S6  puts  oi  otic  equinW 
of  (he  pratoxhTe  of  manga neie,  and,  accordli^  to  Milachedich,  ttH 
partf  at  five  eqiitraleiJlt  of  water. 

With  (Ulphate  ol'  aiDiuoiila,  thli  aalt  yields  a  double  uilphale  <i 
ammonia  and  mongnneKe,  cooBigltng  of  one  equlvslent  comliiiwd  irilt 
eight  of  water,  ll  is  laoLuorphoua  with  the  analogous  salli  afmag- 
neaiaand  protoxide  o I  iron. 

SulphaU  of  froii.— The  sulphale  of  the  protoxide  of 


mooly  called  green  nilriol,  ia  farmed  by  the  acllan  of  dilule  eulphwic 

acid  on  qielallic  iroo,  (psiie  14-1),  or  by  expoalng  the  prolonilpliau 

1  in  fraj^meitU  (a  Ihe  combined  ageocy  of  olr  and  mainun. 


This  a»lf  has  a  ^tiong,  alyplic,  inky  Inate.  Though  neutral  in  coa- 
poaillon,  being  composed  of  one  equivalent  of  each  eiement,  il  nd' 
deua  the  vegelsble  blue  coiours.  It  ia  insoluble  in  alcohol,  but  uluUe 
Id  two  parts  ol  cold,  and  in  (hrcC'fourlhs  of  its  weight  of  boiliog  *>' 
ter.  ll  occurs  in  right  rhombic  priams,  which  are  tiaasparenl,  aad  al 
a  pale  green  colour.  Il  consisla  of  73  pari?,  or  one  equiraleal  olAt 
dry  aalt,  combiiitd  according  to  Thomaon  niih  seven,  and  accDrdial 
to  Mitacherlich  »ilh  bIi,  euuivalcnia  of  w^iicr.  In  the  anbydnu) 
slate,  it  la  of  a  dirty  white  coloor.  Il  is  Ibis  salt  which  Is  enplsfad 
in  (he  maniifaciure  of  fumiDg  aulphurle  acid.    (Page  180.) 

Prolosulphale  of  iron  Ibrins  double  salts  with  sulphate  of  potaM 
and  sulphate  of  ammonia,  the  former  of  which  coDtalns  six  siid  Ibt 
Ullcr  ci^hl  equivalents  of  water.  They  ire  Isomoipbous  wilb  lbs 
analogoua  double  sulphates  of  magneaia. 

"""" Iphalc  of  iron  abaorba  oi^_ 

on,  by  which  an  insoluble  sub- sulphate  of 

alent  of  sulphi  ,  ,  _  , 

When  a  aolutioD  of  protoaulphale  of  ironia  boiled  with  a . 

acid,  until  the  1\i\u\A  ac>\M^ieB  a  ted  colour,  and  is  then  enpontad  is 
dryness  by  amodeiMebeU.,  Ai^^.iBv»L\iA,'&iK^«U)K^paLad^^M(k 
!•  eoluble  both  inaXeoVioX  ani  WB\«.»aft^'to«ittV!aMA»^sriiljMt'ii  ii 
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pmuid  or  40  parts  or  one  equiTalent  of  the  peroxide  of  iroo,  and  00 
parts  or  an  equivalent  and  a  half  of  sulpburic  acid.  It  is,  therefore, 
a  eesquinulphate  of  the  peroxide  of  iron. 

By  mixing  sulphate  of  potassa  with  persulphate  of  iron,  and  allow- 
ing the  solution  to  ciystallize  by  spontaneous  evaporation,  crjrstals 
we  obtained  similar  to  common  alum  in  form,  colour,  taste,  and 
composition.  In  this  double  salt,  the  sulphate  of  alumina  is  replaced 
by  persulphate  of  iron',  with  which  it  is  isomorphous. 

A  similar  double  salt  may  be  made  with  a  mixture  of  sulphate  of 
ammonia  and  persulphate  of  iron. 

Sulphate  of  Zinc.— The  sulphate  of  zinc,  frequently  called  white 
niiriol,  is  the  residue  of  the  process  for  forming  hydrogen  gas  by  the 
action  of  dilute  sulphuric  acid  on  meti^lic  zinc ;  but  is  made,  for  the 
parposes  of  commerce,  by  roasting  the  native  sulphuret  of  zinc  in  a 
leverberatory  furnace.  It  crystallizes  by  spontaneous  evaporation  in 
transparent  flattened  four  sided  prisms,  and  the  primary  form  of  the 
crystals  is  a  right  rhombic  prism.  The  crystals  dissolve  in  two  parts 
and  a  half  of  cold,  and  are  still  more  soluble  in  boiling  water.  The 
taste  of  this  salt  is  strongly  styptic.  It  reddens  vegetable  blue  col- 
oors,  though  in  composition  it  is  a  strictly  neutral  salt,  consisting  of 
one  equivalent  of  each  of  its  elements.  The  crystals  are  composed 
of  82  parts  or  one  equivalent  of  the  anhydrous  sulphate,  and  63  parts 
or  seven  equivalents  of  water. 

Sulphate  of  JYlekeL-— This  salt,  like  the  salts  of  nickel  in  general, 
is  of  a  green  colour,  and  crystallizes  from  its  solution  in  pure  water  in 
rikht  rhombic  prisms  exactly  similar  to  the  primary  form  of  sulphate 
of  zinc.  If  an  excess  of  sulphuric  acid  is  present,  the  crystals  are 
•quare  prisms,  which  according  to  Messrs  R.  Phillips  and  Cooper  con- 
tain rather  less  water  and  more  acid  than  the  preceding ;  though  the 
difierence  is  not  so  great  as  to  indicate  a  different  atomic  constitution. 
(Annals  of  Philosophy,  xxii.  439.)  Dr  Thomson  says  he  analyzed 
both  kinds,  and  found  their  composition  identical.  They  consist  of 
one  equivalent  of  the  anhydrous  salt  and  seven  equivalents  of  water. 
It  is  soluble  in  about  three  times  its  weight  of  water  at  60°  F. 

This  salt  crystallizes  with  great  facility  when  mixed  with  sulphate 
of  potassa,  as  a  double  sulphate  of  potassa  and  nickel.  The  crystals 
are  of  an  emerald  green  colour,  soluble  in  nine  parts  of  cold  water, 
and  are  composed  of  one  equivalent  of  sulphate  of  nickel,  one  equi- 
valent of  sulphate  of  potassa,  and  six  equivalents  of  water.  Its  pri- 
mary form  is  an  oblique  rhombic  prism ;  but  the  general  outline  of 
the  crystals  is  sometimes  that  of  a  six-sided  prism.  It  is  isomorphous 
with  similar  double  salts  of  iron  and  manganese. 

Sulphates  of  Copper, — The  sulphate  of  the  protoxide  of  copper 
has  not  been  obtained  in  a  separate  state.  The  sulphate  of  the  perox- 
ide of  copper,  the  blue  vitriol  employed  by  surgeons  as  an  escharotic 
and  astringent,  may  be  prepared  for  chemical  purposes  by  dissolving 
peroxide  of  copper  in  dilute  sulphuric  acid  ;  but  it  is  procured  for  sale 
oy  roasting  the  native  sulphuret,  so  as  to  bring  both  its  elements  to  a 
maximum  of  oxidation.  This  salt  forms  regular  crystals  of  a  blue  co- 
lour, reddens  litmus  paper,  and  is  soluble  in  about  four  of  cold,  and  in 
two  parts  of  boiling  water.  According  to  the  researches  of  Proust, 
Thomson,  and  Berzelius,  it  is  composed  of  80  parts  or  one  equivalent 
of  the  peroxide  of  copper,  80  parts  or  two  equWaVeikVa  oWcidk^^iA^ 
parts  or  ten  equivalents  of  water.  It  is,  Iheietoie,  «\nO\^  >  ^  ^^'- 
ioJphate, 

When  pure  potassa  /sodded  to  asolutioivof  tYie\A8>]\v'^%Vc^  ^^  ^^V 
w,  /d  a  quantity  which  ia  insufficient  for  sepaialm^  vVi^  yiYwoX^  <A  ^ 
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■cid,  1  pale  bluish-green  precipitate,  tbe  eabMiliihfttoy  ie  thrown 4Mn, 
which  ii  composed  of  one  equivateDt  of  acid  and  ona  eqyivalait  xi 
the  peroxide. 

The  sulphate  of  copper  and  ammonia  ia  genenited  by  drapplD| 
pure  ammonia  into  a  solution  of  the  bisulphate,  until  the  ■ub'MJtat 
fiist  thrown  down  is  nearly  all  dissolved.  It  forme  a  dark  blusMAh 
tioui  from  which,  when  concentrated,  crystals  are  deposited  by  tiie 
addition  of  alcohol.  It  maybe  formed  alao  by  rubbing  briskly  ioi 
mortar  two  parts  of  the  crystallized  bisulphate  of  copper  with  three 
parts  of  carbonate  of  ammonia,  until  the  miKture  acquires  a  un&bcffl 
deep  blue  colour.  Carbonic  acid  gas  is  disengaged  witn  eflerreseeooe 
during  the  operation,  and  tbe  mass  becomes  oaeist,  owing  to  the  wilet 
of  the  blue  vitriol  being  set  free. 

This  compound,  which  is  tffe  ammoniaret  of  copper  of  the  pfaanoi- 
copoeia,  contains  sulphuric  acid,  peroxide  of  copper*  and  aflUDon; 
but  its  precise  nature  has  not  been  determined  in  a  eatisfactoiy  dub* 
ner.    It  parts  gradually  with  ammonia  by  exposure  to  the  air. 

Sulphates  of  Mercury. — When  two  parts  of  mercoiy  are  gently 
heated,  in  three  parts  of  strong  sulphuric  acid,  so  as  to  nose  slow 
effervescence,  a  sulphate  of  the  protoxide  of  mercury  is  gMeiated. 
But  if  a  strong  heat  is  employed  in  such  a'  manner  as  to  eidte  briik 
effervescence,  and  the  mixture  is  brought  to  dryEiess,  a  pore  salplnto 
of  the  peroxide  results*.  The  former  is  composed  of  one  equivaleDt 
of  sulphuric  acid  and  one  equivalent  of  the  protoxide  ;  and  the  latter  of 
two  equivalents  of  acid  and  one  equivalent  of  the  peroxide.  (Thom- 
son.)  When  this  bisulphate,  which  is  the  salt  employed  in  maldBg 
corrosive  sublimate,  is  thrown  into  hot  water,  decomposition  enioei, 
and  a  yellow  sub-salt,  formerly  called  turpeth  mineral,  suWdei. 
This  salt  is  composed  of  one  equivalent  of  the  acid  and  one  equin- 
lent  of  the  peroxide.  The  hot  water  retains  some  of  the  sulphite  b 
solution,  together  with  free  sulphuric  acid. 

Sulphites. 

The  salts  of  sulphurous  acid  have  not  hitherto  been  minntelyeD- 
mined.  The  sulphites  of  potassa,  soda,  and  ammonia,  which  are  made 
by  neutralizing  those  alkalies  with  sulphurous  acid,  ate  soluble  in 
water ;  but  most  of  the  other  sulphites,  so  far  as  is  known,  are  af 
sparing  solubility.  The  sulphites  of  baryta,  strontia,  and  lime,ve 
very  insoluble,  and  consequently  the  soluble  salts  of  these  eai6s 
decompose  the  alkaline  sulphites. 

The  stronger  acids,  such  as  the  sulphuric,  mnriatic,  phosphoric, 
and  arsenic  acids,  decompose  all  the  sulphites  with  elServeseeoee, 
owing  to  the  escape  of  sulphurous  acid,  which  may  easily  be  recog- 
nised by  its  odour.  The  nitric  acid,  by  yielding  oxygen,  coovefti 
the  sulphites  into  sulphates. 

When  the  sulphites  of  the  fixed  alkalies  and  alkaline  earths  ne 
strongly  heated  in  close  vessels,  a  sulphate  is  generated,  and  a  pordoo 
of  sulphur  sublimed.  In  open  vessels  at  a  high  temperature,  they  ab- 
sorb oxygen,  and  are  converted  into  sulphates;  and  a  similar  change 
takes  place  even  in  the  cold,  especially  when  they  ure  in  solatiofi. 
M.  Gay-Lussac  has  remarked,  that  a  neutral  sulphite  always  fontf  a 
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mlplMto  when  it§  teid  ia  oiidised ;  a  fket  from  whieh  it  may 

e  infemdy  that  neutral  sulphites  eonsist  of  one  equivalent  of  the  acid 
Dd  oo^tujfdwtikni  of  the  base. 

Th»  hj^oeulphefes  and  hyposulphites  are  of  little  importance,  and 
QMir  general  eharactef  ha»  already  been  sufficiently  described.  (Pages 
»aiidl88. 


SECTION  11. 
jyTTRATSS.    J^ITRITES,    CHLORATES.    lODATES. 

Nitrates. 

The  nitrates  are  prepared  by  the  action  of  nitric  acid  on  metals,  on 
Ibe  salifiable  bases  themselves,  or  on  carbonates.  As  nitric  acid  forms 
loluble  salts  with  all  alkaline  bases,  the  acid  of  the  nitrates  cauDot  be 
precipitated  by  any  reagent.  They  are  readily  distinguished  from  other 
MltSf  however,  by  the  three  followiog  characters : — 1st,  by  deflagrating 
with  red-hot  charcoal;  2d,  by  their  power  of  dissolving  gold  leaf  on 
llie  addition  of  muriatic  acid ;  8d,  by  the  evolution  of  dense,  white, 
idd  yapoursy  which  are  easily  recognised  to  be  nitric  acid  by  their 
odour*  when  mixed  with  strong  sulphuric  acid. 

AH  the  nitrates  are  decomposed  without  exception  by  a  high  tem- 
pentare.  Some  of  these  salts,  of  which  common  nitre  is  an  example, 
lie  at  first  converted,  with  disengagement  of  oxygen  gas,  into  nitrites ; 
and  then  by  continuing  the  heat,  the  nitrous  acid  is  resolved  almost 
entirely  into  oxygen  and  nitrogen  gases,  and  pure  potassa  remains. 
In  others,  such  as  the  nitrates  of  baryta  and  strontia,  the  acid  is  appa- 
rently changed  at  once  into  oxygen  and  nitrogen,  without  forming  a 
nitrite*.  Tne  nitrate  of  lead,  as  already  mentioned,  (p.  163),  yields 
oxygen  and  nitrous  acid ;  and  the  nitrate  of  palladium,  which  is  de- 
composed without  the  application  of  a  strong  heat,  emits  nearly  pure 
nitric  acid. 

As  the  nitrates  are  easily  decomposed  by  heat  alone,  they  must  ne- 
cewaiily  suffer  decomposition  by  the  united  agency  of  heat  and  com- 
tmitible  matter.  The  nitrates  on  this  account  are  much  employed  as 
oxidizing  agents',  and  frequently  act  with  greater  efficacy  even  than 
nitro-muriatic  acid.  Thus  metallic  titanium,  which  resists  the  action 
of  these  acids,  combines  with  oxygen  when  heated  with  nitre.  The 
efficiency  of  this  salt,  which  is  the  nitrate  usually  employed  for  the 
piiipoee»  depends  not  only  on  the  affinity  of  the  combustible  for  oxy- 
Mn»  but  likewise  on  that  of  the  oxidized  body  for  potassa.  The  pro- 
cew  fi>T  Oxidizing  substances  by  me^ns  of  nitre,  is  called  d^agration^ 
and  ia  generally  performed  by  mixing  the  inflammable  body  with  an 


*  There*  is  good  reason  to  believe  that  the  residuum  of  nitre,  after 
long  exposure  to  a  red  heat,  is  the  peroxide  of  potassium,  and  not 
pure  potassa.  (See  note,  page  282.)  So  also  the  nitrates  of  baryta 
and  f  tiontia»  exposed  to  a  regulated  red  heat,  yield  the  peroxides  of 
barium  and  strontium.  (Pages  291  and  293.)  B, 
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Umm  itatoritli,  pcMoiTBd  moirt 
ntalj  MpoMd  to  the  ktr,  oitiie  Mid  I*  (Mdnally  generaied,  and  uolM 
wllh  the  potam,  lime,  tDd  DipieriB,  wUch  u«  caniniaiily  pnKAliii 
tbe  mlzlDre.    On  dbwlviag  thoM  mIu  bi  wetar,  and  pneipiuiiog  (b> 
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t4BfiiadinlimpiilTeftct[oDwUhtbeoineiiortiieaIniD«pbtre,achiap 
wUen  mnit  be  turibnted  to  the  ifflaUj  ot  o^gen  for  nitrogen,  lidsl 
by  Ibll  of  Dilric  acid  for  tlkaline  base^ 

Nitnte  of  potasu  la  a  colourlesi  salt,  which  cryptallizea  lEidll^iD 
alt-aided  piisms.  l(a  taste  ia  aillae,  accompanied  willi  an  imprtsROO 
ofcooloeia.  It  requiiea  foe  solution  aeven  pans  of  water  at  90'f. 
and  l(a  own  weight  oCboiling  water.  It  contiinB  no  walQr  of  crjitil' 
liiatioD,  but  its  cryilala  are  never  quite  free  from  wafer  lod^d  me- 
cbanically  wilhln  Ibem.  At  616°  F,  il  undergoes  (he  igneam  hiBut, 
and  like  all  the  nitrates  is  decomposed  b;  a  red  heal. 

Nitre  la  rbieBy  employed  in  cfaemiitry  as  an  uxidizine  a^eal,  oS 
in  the  formation  of  nitric  acid.     lis  chief  uae  in  the  atis  is  for  aiiitf 

p^onder.  which  is  a  miitture  of  nitre,  charcoul,  and  sulphui.    1> 
It  Indies,  il  ia  employed  for  the  preparation  of  co 
an  ounce  of  powdered  nitre  dissolved  in  nvn  ounce?  of 
iu  temperature  by  firteen  degrees.     It  possesses  powi 
properties,  and  is,  Ibeiefare,  much  smployed  to  (he  piesenji 
nwat  and  animal  matters  in  general. 

JVitrale  of  Soda. — This  salt  ia  analogous  in  Its  chemical  prop 

to  the  preceding  compound.      It  some''  ~    ' 

rhombic  prisms ;  but  it  more  commonly 
hedron,  which  Is  its  primary  form.  (Mr  broute.j 

Ji/itraie  o/jfrnmonia— Nitrate  of  ammonia  may  bi 
trallling  dilute  Ditrlc  add  by  carbonate  of  ammonia, 
tfaa  solution.      This  salt  may  be  procured  in  three 
which  have  been  described  by  Sir  H.  Davy.  (Bcscar 
the  Nitrous  Oiide.)    If  the  erapoiatloo  ia  conducted 
not  eiceeding  100°  F.,  tbe  salt  Is  obtained  ^  Btiernalic  cryil 
Ue  composed,  according  to  tbe  experiments  oi  Davy,  Sen* 
Tbomson,  of  71  parts  or  one  equlvaleot  of  the       '   '   '"' 
nonia,  and  9  parts  or  one  equivalent  of  watei 
enporated  at  312°  F.,  fibroua  cryalali  are  procured . 


rc 
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rmer  8.1  per  cent,  and  the  latter  0.7.  All  these  Tarieties  are  deli- 
leseent,  and  very  soluble  in  water. 

The  change  which  the  nitrate  of  ammonia  undergoes  at  a  tempera- 
re  veryinafbetween  400"  and  600°  of  F.  has  already  been  explained. 
tee  168.)  When  heated  to  600%  it  explodes  with  violence,  being 
ioTved  into  water,  nitrous  acid,  deutoxide  of  nitrogen,  and  nitrogen. 
le  fibrous  variety  was  found  by  Sir  H.  Davy  to  yield  the  largest 
entity  of  the  protoxide  of  nitrogen.  From  one  pound  of  this  salt  he 
>cured  nearly  three  cubic  feet  of  the  gas. 

,ArUrate  of  Jtorvt(i.-^This  salt  is  sometimes  used  as  a  reagent,  and 
r  preparing  pure  oaryta.  It  is  easily  prepared  by  digesting  the  natire 
rbonate,  ^uced  to  powder,  in  nitric  acid  diluted  with  eight  or  ten 
nee  its  weight  of  water.  The  salt  crystallizes  readily  by  evapora- 
m  in  transparent  octahedrons.  Its  crystals  contain  no  water  of 
irstallization,  and  are  very  apt  to  decrepitate  by  heat,  unless  pre- 
Buely  reduced  to  powder.  They  require  twelve  parts  of  water  at 
•^  F.,  and  three  or  lour  of  boiling  water  for  solution.  They  under- 
»  the  igneous  fusion  in  the  fire  before  being  decomposed.  They  are 
soluble  in  alcohol. 

JVitrate  of  S^on/ui.— >Tbis  salt  may  be  made  from  strontianite  in 
B  same  manner  as  the  foregoing  compound,  to  which  it  is  exceed- 
gly  analogous.  It  is  anhydrous,  crystallizes  in  the  form  of  the 
gular  octimedron,  and  undergoes  no  change  in  a  moderately  dry 
mospbere.  On  some  occasions  this  salt  contains  water  of  crystal- 
;atioD ;  and  then  assumes  the  form  of  a  prism  with  ten  sides  and 
ro  summits.  The  hydrous  salt  contains  27.8  per  cent  of  water, 
wording  to  Mr  Cooper. 

JSfUratea  of  Lime  and  Magnesia. — These  salts  are  very  deliques- 
Dt,  and  soluble  in  alcohol.    By  this  character  the  nitrate  of  lime 
easily  distinguished  and  separated  from  the  nitrates  of  baryta  and 
ontia.  (Page  295.) 

AfUrate  of  Copper, — This  salt  is  prepared  by  the  action  of  nitric 

d  on  copper.  (Page  169.)     It  crystallizes,  though  with  some  diffi- 

ty,  in  prisms,  which  are  of  a  deep  blue  colour,  and  deliquesce  on 

osure  to  the  air.    The  crystals  are  composed  of  108  parts  or  two 

hralents  of  acid,  80  or  one  equivalent  of  the  peroxide,  and  126  or 

teen  equivalents  of  water.  (Thomson.)    It  is,  therefore,  strictly  a 

Irate.      The  green  insoluble  subsalt,  procured  by  exposing  the 

rate  to  heat,  contains,  exclusive  of  water,  one  equivalent  of  acid 

one  equivalent  of  the  peroxide.      When  heated   to  redness,  it 

s  pure  peroxide  of  copper. 

irate  of  Lead.—Thia  salt  is  formed  by  digesting  litharge  in  di- 

titric'acid.     It  crystallizes  readily  in  octahedrons,  which  areal- 

ilways  opake.    These  crystals  are  anhydrous.    This  salt  has  an 

^tioo,  but  is  neutral  in  composition,  consisting  of  54  parts  or 

uivalent  of  acid,  and  112  or  one  equivalent  of  the  protoxide 

» 

nitrate  of  lead,  composed  of  one  equivalent  of  acid  to  two 
)Qts  of  Uie  protoxide,  was  formed  by  Berzelius  by  addiiuf  to  a 
of  the  neutral  nitrate,  a  quantity  of  pure  ammonia  insufficient 
^ting  the  whole  of  the  acid. 

tea  of  Mercury. — The  protonitrate  is  conveniently  formed  by 

mercury  in  nitric  acid,  diluted  with  three  or  lour  parts  of 

itil  the  acid  is  saturated,  and  then  allowing  the  solution  to 

spontaneously  in  an  opeu  vessel.   The  solution  always  con- 

at  some  nitrate  of  the  peroxide,  but  if  metaWxc  mexc^viT^  \% 

liquid,  a  pure  protonitnie  is  gradually  depoaUed.    T\i«  «^^> 
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thin  formed  htt  hitherto  been  re^trded  u  the  neatnl  protonitnte; 
hut  according  to  the  analysis  ofM.  C.  G.  MiCscbeilicb,  (Poggendorff*! 
Anoaleo,  ix.  887)  it  is  a  subsalt,  io  which  the  protoxide  and  add  ire 
Id  the  ratio  of  208  to  86.  This  result,  howoTer,  requires  confirmatioai 
Tlie  neutral  protonitrate  is  said  by  BL  C.  Mitscberlich  to  l>e  obtiinsd 
in  crystals,  by  dissolvin|(  the  former  salt  in  pure  water  acidulated  irkh 
nitric  acid,  and  evaporating  spoataneoushr  without  the  contact  of  . 
metallic  mercury  or  uncombined  oxide.  The  crystals  are  compoisd  I 
of  209  parts  or  one  equivalent  of  the  protoxide,  54  parts  or  one  m-  I 
Talent  of  acid,  and  two  equivalents  of  water.  These  salts  disnm  / 
completely  in  water  slif^htly  acidulated  with  nitric  acid,  but  io  poc  1 1 
water  a  small  quantity  of  a  yellow  subsalt  is  generated.  i 

When  mercury  is  heated  in  an  excess  of  strong  nitric  acid.  It  is  dii- 
solved  with  brisk  effervescence  owing  to  the  escape  of  the  deatoiide 
of  nitrogen,  and  transparent  prismatic  crystals  of  the  pemitrate  us 
deposited  as  the  solution  cools.  It  is  composed,  according  to  Tbon- 
son,  of  one  equivalent  of  the  peroxide  and  one  of  the  acid ;  and  wbco 
put  into  hot  water,  it  is  resolved  into  a  soluble  salt*  the  composition 
of  which  is  unknown,  and  into  a  yellow  subsalt.  The  Jstter  vu 
found  by  M.  Grouvelle  to  consist  of  one  equivalent  of  add  to  two  of 
the  peroxide.  (An.  de  Cb.  et  Phys.  xix.) 

jiltrate  of  Silrer. — Silver  is  readily  oxidized  and  dioolved  by 
nitric  acid  diluted  with  two  or  three  times  its  weight  of  wtter,fonning 
a  solution  which  yields  transparent  tabular  crystals  by  evtpontioo. 
These  crystals,  which  are  anhydrous,  undergo   the  igneous  fusion 
when  heated,  and  assume  a  crystalline  texture  in  cooHog.    At  a  red    1, 
heat  it  is  completely  decomposed,  and  metallic  silver  remains.    When     { 
liquefied  by  heat,  and   received  in  small  cylindrical  moulds,  it  forms     |; 
the  lapis  ir^fernalis  or  lunar  caustic,  employed  by  surgeons  as  a  caa-     I  i 
tery.    The  nitric  acid  appears  to   be  the  agent  which  destroys  tbe    « i 
animal  texture,  and  the  black  stain  is  owing  to  the  separation  of  tbe    I 
oxide  of  silver.    It  is  sometimes  employed  for  giving  a  black  colooi    1 
to  the  hair,  and  is  the  basis  of  the  indelible  ink  for  marking  linen. 

Nitrate  of  silver  deliquesces  on  exposure  to  the  air.  It  is  soluble  ,^ 
in  its  own  weight  of  cold,  and  in  half  its  weight  of  hot  water.  It  ' 
dissolves  also  in  four  times  its  weight  of  alcohol.  The  aqueoas  sohi'  j 
tion  undergoes  little  change  if  preserved  in  glass  vessels;  but  when 
paper  moistened  with  it  is  exposed  to  light,  especially  to  suDsbiMi  ; 
a  black  stain  is  produced,  owing  to  the  decomposition  of  the  salt  and  1 
reduction  of  the  oxide  to  the  metallic  state.  This  solution  is  etB*  ' 
ployed  by  chemists  as  a  test  of  the  presence  of  chlorine  and  muriatic 
acid. 

Nitrate  of  silver,  even  after  fusion,  reddens  vegetable  coloorios 
matters ;  but  it  is  neutral  in  composition,  consisting  of  one  equivaleoi 
of  acid  and  one  of  the  oxide. 

J^rUes. 

Little  is  known  with  certainty  concerning  the  compounds  of  nllrow    ! 
acid  with  alkaline  bases.     The  nitrite  of  potassa  is  probably  formed  by 
heating  nitre  to  redness,  and  removing  it  from  the  fire  before  the  de- 
composition is  complete.     On  adding  a  strong  acid  to  the  product, 
red  fumes  of  nilrous  aiCYd  ^xe  d\%«iv^^^<&^^  ^  cKoLtacter  which  is  com- 
mon to  all  the  nUriles.    Two  ti\V\\V«%  o^  X^-^^Vvt^  \^^^Tv^<«L«exS»«luL 
the  Annales  de  Chimve,•vo\.\xxx^\\.\v^"^.C\\«s\«^A•MA\^.'^*lru&^ 
U  u  possible*  however,  Oa«il  V\i«*^  t^m^^^wiAa  ^t«  V|^^\i\\kv\m« 
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CU&rates. 

Its  of  chloric  ftcid  are  veiy  analogous  to  the  nitrates.  As  the 
of  the  alkalies,  alkaline  earths,  and  most  of  the  common 
-e  composed  of  one  equivalent  of  chloric  acid  and  one  equiT* 
.  protoxide,  it  follows  that  the  oxygen  of  the  latter  to  that  of 
3r  is  in  the  ratio  of  1  to  5.  The  chlorates  are  decomposed  1^ 
it,  nearly  all  of  them  being  converted  into  metallic  chlorides* 
>lution  of  pure  oxygen  gas.  (Page  204.)  They  deflagrate 
imroable  substances  with  greater  violence  than  nitrates,  yield* 
^en  with  such  facility  than  an  explosion  is  produced  by  slight 

Thus  a  mixture  of  sulphur  with  three  times  its  weight  of 
of  potassa  explodes  when  struck  between  two  hard  surfaces* 
ircoal,  and  the  sulphurets  of  arsenic  and  antimony,  this  salt 
nilar  explosive  mixtures ;  and  with  phosphorus  it  detonates 

by  percussion.    The  mixture  employed  in  the  percussion 

guns  consists  of  sulphur  and  chlorate  of  potassa. 
i  chlorates  hitherto  examined  are  soluble  in  water,  excepting 
(chlorate  of  mercury,  which  is  of  sparing  solubility.    These 

distinguished  by  the  action  of  strong  muriatic  and  sulphuric 
e  former  of  which  occasions  the  disengagement  of  chlorine 

protoxide  of  chlorine,  and  the  latter  of  the  peroxide  of 

of  the  chlorates  are  found  native.  The  only  ones  that  re- 
rticular  description  are  the  chlorates  of  potassa  and  baryta. 
ate  of  Potassa. — This  salt,  formerly  called  oxymuriate  or 
ymuriaie  ofpotassa^  is  colourless,  and  crystallizes  in  four  and 
I  scales  of  a  pearly  lustre.  Its  primary  form  is  stated  by  Mr 
:o  be  an  oblique  rhombic  prism.  It  is  soluble  in  sixteen  times 
bt  of  water  at  60°  F.,  and  in  two  and  a  half  of  boiling  water, 
te  anhydrous,  and  when  exposed  to  a  temperature  of  400°  or 
undergoes  the  igneous  fusion.     On  increasing  the  heat 

0  redness,  effervescence  ensues,  and  pure  oxygen  gas  is  di% 
a  phenomena  which  have  been  explained  in  the  section  on 

hlorate  of  potassa  is  made  by  transmitting  chlorine  gas  through 
Qtrated  solution  of  pure  potassa,  until  the  alkali  is  completely 
Ked.   The  solution,  which,  after  being  boiled  for  a  few  minutes, 

1  nothing  but  the  muriate  and  chlorate  of  potassa,  (page  197,) 
jT  evaporated  till  a.  pellicle  forms  upon  its  surface,  and  is  then* 

to  cool.    The  greater  part  of  the  chlorate  crystallizes,  while 
riate  remains  in  solution.    The  crystals,  after  being  washed 
Id  water,  may  be  purified  by  a  second  crystallization. 
rate  of  baryta  is  of  interest,  as  being  the  compound  employ* 
le  formation  of  chloric  acid.  (Page  203.)    The  readiest  mode 
iring  this  salt  is  by  the  process  of  Mr  Wheeler.    On  digesting 
w  minutes  a  concentrated  solution  of  chlorate  of  potassa  with  a 
ccess  of  silicated  hydrofluoric  acid,  the  alkali  is  precipitated  io 
na  of  an  insoluble  double  hydrofluate  of  silica  and  potassa, 
!hlorie  acid  remains  in  solution.    The  liquid  after  filtration  is 
zed  by  carbonate  of  baryta,  which  likewise  throws  down  the 
of  hydrofluoric  acid  and  silica.    The  siliCAled  V\^^t^?L\i<(^Tw&«s»!l 
ed  In  Ote  proeega  ig  made  by  coadaetinf^  ^^lovKvcXa  vXii  ^g^ 
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lodaies. 

From  the  dose  analogy  in  the  composition  of  chloric  and  io& 
acids,  it  follows  ihjt  the  eenermi  character  of  the  iodates  must  be 
■imilar  to  that  of  the  chlorjtes.  Thus  in  all  neutral  protiodates,  thi 
oxyfsen  containcil  in  the  oxide  and  acid  it  in  the  ratio  of  1  to  5. 
They  form  d«-t1ae rating  miitures  with  combustible  matters;  andoa 
being  heated  to  low  redne«<i,  oxygen  gas  is  disengaged  and  a  metalb 
iodide  ren.jiin«.  As  the  affinity  of  iodine  for  metals  is  less  eneigctie 
than  that  of  chlorine,  many  of  the  iodates  part  with  iodine  as  weBH 
oxyeen  when  heated,  especially  if  a  high  temperature  is  employei 

The  iodjtcs  are  easily  recognised  by  the  facility  with  which  thdr 
acid  is  decomposed  by  deoxidizing  agents.  Thus  the  sulphorooi, 
phosphorous,  muriatic,  and  hydriodic  acids,  deprive  the  iodic  add  of 
its  oxyeen,  and  set  ioiline  at  liberty.  Sulphuretted  hydrogen  not 
only  decompoiie*  the  acid  of  these  salts,  but  occasions  tlie  fbraiatioo 
of  hyJi iodic  acid  by  yielding  hydrogen  to  the  iodine.  Heoce  u 
iodate  may  be  converted  into  a  hydriodate  by  transmitting  a  cuneot 
of  sulphuictted  hydrogen  gas  through  its  solution. 

None  of  the  iodates  have  been  found  native.  They  are  aH  of  very 
sparing  solubility,  or  actually  insoluble  in  water,  excepting  the  iodates 
of  the  alkalies. 

Iodate  I'f  Potassa. — This  salt  is  easily  procured  by  adding  iodine 
to  a  concen(rate<t  hot  {solution  of  pure  potassa,  until  the  alkali  is  com- 
pletely nt'utrulized.  The  liquid  which  contains  the  iodate  and  by- 
diiodutc  of  potassa,  (page  212)  is  evaporated  to  dryness  by  a  gentle 
heat,  and  (he  residue,  when  cold,  is  treated  by  strong  alcohol.  The 
iodate,  which  is  insoluble  in  that  meustruum,  is  lef^,  while  the  hydrio- 
date of  potassa  is  dissolved. 

All  the  insoluble  iodates  may  be  procured  from  this  salt  by  doable 
decompo«>i(ion.  Thus  the  io<iate  of  baryta  raay  be  formed  by  iiuzio{ 
muriate  ol  baryta  with  a  solution  of  iodate  of  potassa. 


SECTION  III. 

PHOSPHATES.    PHOSPHITES,     JlRSEJVMTES,    M- 

SEJ)riTES. 

Phosphates. 

Hie  neutral  salts  of  phosphoric  acid  with  fixed  bases  sustain  a  nd 
heat  without  decomposition,  but  they  are  all  fusible  at  a  high  tem- 
perature. The  phosphates  of  the  common  metals,  at  least  the  greater 
part  of  them,  are  converted  into  phosphurets  by  the  combined  agency 
of  heat  and  charcoal.  The  alkaline  phosphates  are  only  partially 
decomposed  under  these  circumstances,  and  the  phosphates  of  lime, 
baryta,  and  strontia,  undergo  no  change.  The  neutral  phosphates, 
excepting  those  of  potassa,  soda,  and  ammonia,  are  of  sparing  solabU- 
ity  in  pure  water ;  but  they  are  all  dissolved  without  effi;r?escence  in 
an  excess  of  phosphoric  or  nitric  acid,  and  are  precipitated,  for  tbs 
most  part  unchanged,  from  lYve  «ic\^  %QVa>\<(MA  Xk^^  ^>\x«  ammonia.    Of 


PhosphaitM.  401 

all  tha  pbospbttes,  tboie  of  baryta,  lime,  and  lead,  and  especially  the 
latter,  are  the  most  insoluble. 

The  presence  of  a  neutral  phosphate  in  solution  maybe  distinguish- 
ed by  the  tests  already  mentioned  in  the  section  on  phosphorus. 
(Pace  187.)  The  insoluble  phosphates  are  decomposed  when  t>oiled 
with  a  strong  solution  of  carbonate  of  potassa  or  soda,  the  acid  uniting 
with  the  alkali  so  as  to  form  a  soluble  phosphate.  The  earthy 
phosphates  yield  to  this  treatment  with  some  difficulty,  and  require 
continued  etNillition. 

Several  phosphates  are  met  with  in  the  native  state,  such  as  those 
of  lime,  manganese,  iron,  uranium,  copper,  and  lead. 

Phosphate  of  Potaasa. — This  salt  may  be  prepared  by  a  process 
aoaloeous  to  that  described  for  the  formation  of  phosphate  of  soda. 
It  is  deliquescent  and  has  not  been  procured  in  regular  crystals.  It 
eonsists  oif  85.71  parts  or  one  equivalent  of  phosphoric  acid,  and  48 
parts  or  one  equivalent  of  potassa. 

The  biphosphate  may  be  formed  by  adding  phosphoric  acid  to 
earbonate  of  potassa,  until  the  liquid  ceases  to  yield  a  precipitate  wiUi 
muriate  of  baryta,  and  setting  aside  the  solution  to  crystallize.  The 
primary  form  of  the  crystals  is  an  octahedron  with  a  square  base ;  but 
they  commonly  occur  in  square  prisms  terminated  with  the  planes  of 
the  primary  form.  They  are  composed  of  one  equi  p^alent  of  potassa, 
two  of  phosphoric  acid,  and  two  equivalents  of  water.  (Mitscherlich.) 

Pho^hate  of  Soda. — Of  the  alkaline  phosphates,  that  with  base  of 
soda  is  the  one  generally  employed,  owing  to  the  facility  with  which 
it  it  obtained  in  crystals.  It  is  prepared  on  a  large  scale  in  chemical 
maoutactories,  by  neutralizing  the  superphosphate  of  lime,  procured 
by  the  action  of  sulphuric  acid  on  burned  bones,  (page  184,)  with 
carbonate  of  soda.  The  carbonate  of  lime  is  separated  by  filtration, 
and  the  dear  liquid,  after  being  duly  concentrated  by  evaporation, 
deposites  crystals  of  the  phosphate  of  soda  in  cooling.*  It  commonly 
contains  traces  of  sulphuric  acid,  from  which  it  may  be  purified  by 
repeated  solution  in  distilled  water,  and  crystallization.  It  is  cus- 
tomary In  this  process  to  employ  a  slight  excess  of  the  alkali,  the 
presence  of  which  facilitates  the  formation  of  crystals.  On  this 
account  the  phosphate  of  soda  has  commonly  an  alkaline  reaction ; 
but  when  carefully  prepared,  Dr  lliomson  says  it  is  quite  neutral. 

This  salt  crystallizes  in  oblique  niombic  prisms,  which  effloresce  on 
exposure  to  the  air,  and  require  four  parts  of  cold  or  two  of  boiling 
water  for  solution.  According  to  the  analysis  of  Mitscherlich,  it  may 
be  inferred  to  consist  of  86.71  parts  or  one  equivalent  of  acid,  82  parts 
or  one  equivalent  of  soda,  and  112.6  parts  or  twelve  and  a  half  equi- 
valents of  water.  This  salt  is  employed  in  medicine  as  a  laxative,  and 
in  chemistry  as  a  reagent. 

A  singular  change  is  produced  on  this  salt  by  a  high  temperature. 
On  drying  the  crystals  on  a  sand  bath,  they  are  deprived  of  twelve 
eqolvaleDta  of  water,  and  retain  half  an  equivalent,  together  with  al 


*  Dr  Turner  has  committed  a  slight  chemical  inaccuracy  here, 
ilBillar  to  that  which  we  noticed  in  the  note  to  page  187.    By  the 
addition  of  the  carbonate  of  soda  to  the  superphosp&te  of  lime,  the 
eieess  of  acid  only  is  neutralized  by  the  soda,  and  the  carbonic  acid 
la  evolved  with  brisk  effervescence,  instead  of  combining  with  tha 
lime,  as  Dr  Turner  supposes.    The  precipitate  ia«  coi\a«(\>ii«ci^'^  ^  ipKoa- 
^hate  and  not  earbonaie  of  lime.    Set  ITienard*  TraUe  dt  CVwvni\e« 
CIttquUme  Edit,  tome  u.  p.  134.  B. 
li  9 
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t»'.-  u.'»'-«.  ::.2nc:e-9.    But  on  exposure  to  i  red  heat,  tbe  remaining 

^•'  «  : .  f  .'er.:  :f  wiicr  i»  eipelled :  and  the  residual  salt,  without  un- 

•'.•srzz  :  z  ii>  .'.':-e:  cLinze  of  weight,  is  found  to  have  acquired  pro- 

;<."-L^-*  k  Ti-.  '.;-:  -cw.    On  belnz  dissolved  in  water,  and  the  solatioD 

w:  li.i-i  '.Jtv.-Qi.zt  spDctuieousIy,  crystals  are  obtained,  haviDgthe 

iitz-i-i   : .  .:.r  ::'  kz,  i.-refuUr  six-sided  prism,  and  the  primary  form  of 

iti.::.   -  4  -'irni.c  :c:ibc::on.     These  crystals  are  permanent  in  the 

A.-,  r.  .:*.   i^5  f^:  -:le  ::i  water  than  the  common  phosphate,  and  aie 

c-;r::*t :  ::"  :t-j  t-^i:^i.iut  ot  acid,  one  of  soda,  and  five  of  witei. 

Ti-i  <:  .   ;-£•'■=?*  wh::e  precipitate  with  nitrate  of  silver,  quite  dif- 

;■=. f  z:   :  : . .;  1-  i^i  irr-  .rince  i":om  the  yellow  precipitate  occasioned 

':  T    -  f  ::■•-.:•_  :  r.:*; hiie. 

'  T:  *    f-ri-ii:  c  '*;:.  which  is  yet  unexplained,  was  first  noticed 

':  *  M  L  ■.'%■:  ::  •.>  j^£:w,  who  has  described  the  new  salt  in  the  Edin- 

er.ce.  No.  xiv.  p.  29S,  under  the  name  of  pyro- 
The  crysuls  were  described  by  Mr  Haidioger  in 

Iz  •'•  i  j-i'v.'s  Jz^mi],  Mr  Cbrke  has  described  a  new  phospba(eof 
i-:zi.  -  fi'zz.:  :::r,  i:.e  commcn  one  in  containing  seven  and  a  half 
:z^:ij.L  ::  :-.vt'.ve  ir.i  a  hill  equivalents  of  water.  It  wasfomied  by 
e'.rof.:  ;  i  *:  .:.:u  ci  :he  coicnioa  phosphate  to  a  uniform  tempeiaUire 
c:  -.z-z .:  r. '  Y.  The  crystals  are  permanent  in  the  air,  and  quite  dif- 
ifiz'.  1  ":r-  :":--n;  ;he  common  phosphate. 

1"*^:  - '  •■'-"::c  c:'  *^.:i  is  prepared  by  adding  phosphoric  acid  to 
:.  .:  -  -  .  ?-  :.  -:.■••  :."e  #-Ij:ion  ccifes  to  precipitate  muriate  of 
-■  >  -  -  •  -"'•-}"  ?-—-■«■•  i'ii  wj:er,  the  solution  must  be  concen* 
-■-  -  ■  ■  '•  -•  .:  :.'. -y  c.->s:ji{ize.  This  salt  is  capable  of  yielding 
Y"  ■■  '.. •  ■  "^  -='  -"•  «■">-'•}"*  without  v.irying  its  composition'  (Page 
***  •  -  -•..::.•;?-.•.  i.zv.  .  i?onjorpbous  with  the  binarseniate  of 
?•  -■  *  '  •  *.  -.-^--o  r  >:^.  the  smaller  lateral  edge  of  which  is  73' 
^^  •  -  --..■>  vyyi.iA.  jiaiie*.  The  primary  form  of  its  ordinary 
c  > .  '  ?  .  .:  :  .  -  ::."i  .cj .;«::,.  the  smaller  angle  of  which  is  93  54'. 
A   .:  :*.  :.j:e  c:  rcA-sA  and  soj.i  may  be  formed  byneu* 

'.1  :  .  ^  .  :<.:  i*c  ::  j-.ti-JA  with  carbonate  of  soda.  The  primary 
:'.-.:  :.  •  :-\>:^>  .?  ^n  cr.ique  ihombic  prism,  which  frequently 
j:*.-*  v.  .  .:  .;:y  n  :-:n.:j:.>>!i.  The  crystals  consist  of  one  equiT- 
*':•  ■  ..  -:    :     ':  ••■:.  :;r-  two  of  dciJ. 

/'.  •.'■::  /'^.i-:.:'-.i.i'?i/;ii*»i;.i.--This  salt  is  easily  prepared  by 

■,?*-   •  .  ^  .-.  .  ;^  \\i.ti.;  ci  ir.uriate  of  ammouia  and  two  equivalents 

c:  ;•  :-  Me  v:  .-:Ja  in  a  suiall  quantity  of  boiling  water.    As  the 

:  :.:  ..  ^. .  f.  :  •.-::..;::c  crystals  c(  the  double  phosphate  are  deposited, 

w'r   e  r  ..  ..  te  ::  s:lt  ren.ains  io  solution.     Their  primary  form  is  an 

it:    .:..t    r.-.-  .  j  p'-sm.     This  salt  has  been  long  known  by  the  name 

c:"  ••:  :  .  .■.^-  ..•  ?.;.'.'.  -pc  is  much  employed  as  a  flux  in  experimenU 

\\:::.  ::.?»  .  vw;-  re.     When  heated  it  parts  with  its  water  and  ammo- 

r;A.  ji .:  A  \i  V  fusible  bipbosphate  of  soda  remains.     It  is  composed 

cf  one  tvV.::-..^:or.t  of  the  phosphate  of  soda,  one  equivalent  of  the 

Fhosph.:!e  o:  .ini:r.onia.  and  ten  equivalents  of  water.  (Mitscherlich.) 

J^  %  >;  •j'lre  0/  .immonia.— This  salt  is  formed  by  adding  ammonia 

to  ccLcent  Mttd  pbosphoiic  acid  until  a  precipitate  appears.    On  ap- 

p.ysr.g  heat,  ihe  precipitate  is  dissolved,  and  on  abandoning  the  solu- 

v.oii  10  Itself,  the  neutral  salt  crystallizes.     The  primary  form  of  the 

,vV!- O.I'  ^"JJ^'='*"''  ihombic  prism,  the  smaller  lateral  angle  of  which 

in.;,     xi'  ■  ''*'^°  °*^*'"'  *"  ""^^ombic  prisms  with  dihedral  sum- 

Plitscherhcho^'''''  ^"^  ''''''^'''''  ''''  equivalent  and  a  half  of  water. 

The  biphosphate  U  made  xu  iNi^  UL\ii«  tsasitx^x  ^a  ^s«i  ^\«c«&>s^v 
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phosphates.  The  crystals  are  less  soluble  than  the  neutral  phosphate, 
and  undeiii^o  no  change  on  exposure  to  the  air.  Their  primary  form 
is  an  octahedron  with  a  square  base;  but  the  right  square  prism,  ter« 
mioated  by  the  faces  of  the  primary  form,  is  the  most  frequent. 
T^y  consist  of  one  equivalent  of  ammonia,  two  of  acid,  and  three  of 

water. 

Phosphate  ofldme. — Chemists  differ  exceedingly  as  to  the  number 
of  compounds  which  phosphoric  acid  is  capable  of  forming  with  lime. 
There  seems  no  doubt,  however,  from  the  researches  of  Berzelius  and 
others,  that  the  phosphate  of  lime,  as  it  exists  in  bones,  or  as  obtained 
by  mixing  muriate  of  lime  with  neutral  phosphate  of  soda  in  excess, 
is  composed  of  35.71  parts  or  one  equivalent  of  phosphoric  acid, 
and  28  or  one  equivalent  of  lime.  This  is  the  compound  of  which 
many  urinary  concretions  consist; 

The  biphosphate  of  lime  may  be  prepared  by  dissolving  phosphate 
of  lime  in  a  slight  excess  of  phosphoric  acid.  It  is  very  soluble  in 
water,  but  does  not  crystallize.  A  superphosphate  is  also  formed  by 
the  action  of  sulphuric  acid  on  phosphate  of  lime ;  but  whether  it  is 
really  a  biphosphate,  or  some  super-salt  with  a  still  larger  proportion 
of  acid,  is  as  yet  uncertain.    The  biphosphate  exists  in  the  urine. 

Phosphate  of  Ammonia  and  Magnesia. — The  simple  phosphate 
of  magnesia,  which  is  prepared  by  mixing  a  solution  of  the  sulphate 
of  magnesia  with  phosphate  cf  soda,  is  of  little  interest ;  but  the  double 
phosphate  is  of  importance  as  constituting  a  distinct  species  of  urinary 
concretion.  It  is  easily  procured  by  adding  carbonate  of  ammonia 
and  afterwards  phosphate  of  soda  to  a  solution  of  sulphate  of  magnesia, 
when  the  double  phosphate  subsides  in  the  form  of  minute  crystalline 
grains.  This  salt  is  insoluble  in  pure  water;  but  is  dissolved  by  most 
acids,  even  by  the  acetic,  and  is  precipitated  unchanged  when  the 
solution  is  neutralized  by  ammonia. 

The  composition  of  this  salt  has  not  been  satisfactorily  determined. 
On  exposure  to  heat  it  emits  water  and  ammonia,  and  a  compound  of 

Ehospboric  acid  and  magnesia  is  left,  which  is  insoluble  in  water,  but 
I  dissolved  by  strong  acids.  When  strongly  heated,  it  undergoes  the 
igneous  fusion,  and  yields  a  white  enamel.  According  to  Stromeyer, 
the  salt,  after  being  exposed  to  a  red  heat,  contains  37  per  cent  of 
magnesia. 

Phosphites  and  Hypophosphites . — These  compounds  have  hither- 
to been  little  examined,  and  are  of  no  material  importance.  They  do 
not,  therefore,  require  a  particular  description.  (Page  1S8.) 

Arseniates. 

All  the  arseniates  are  sparingly  soluble  in  water,  excepting  those  of 
potassa,  soda,  ammonia,  and  perhaps  lithia ;  but  they  are  all  dissolved 
without  effervescence  by  dilute  nitric  acid,  as  well  ns  most  other 
acids  which  do  not  precipitate  the  base  of  the  salt,  and  are  thrown 
down  again  unchanged  by  pure  ammonia.  Most  of  them  bear  a  red 
heat  without  decomposition ;  but  they  are  all  decomposed  by  being 
heated  to  redness  along  with  charcoal,  metallic  arsenic  being  set  at 
liberty.  The  arseniates  of  the  fixed  alkalies  and  alkaline  earths  re- 
quire a  rather  high  temperature  for  reduction ;  while  the  arseniates  of 
tnexommon  metals,  such  as  (hose  of  lead  and  copper,  are  easily  re- 
duced in  a  glass  tube  by  means  of  a  spirit  lamp  without  danger  of 
melting  the  glass.  Of  all  the  arseniates  that  of  lead  is  the  inQ%Uw%^\»^\«« 

The  soluble  arseniates  are  easily  recognised  V)^  V\\«  Va%\.%  ^^<i^^f^«^^ 
Ja  tbe  aectiou  oa  arsenic  j  (page  329  *,)  aud  iVia  xuaoVvxW  «x.a«c^\^^»^' 
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when  boiled  in  a  itroDK  lolation  of  the  fixed  alfatline  caibonttM,  m 
deprived  of  their  acid,  which  may  then  be  detected  hi  the  usual  mn- 
ner.  The  free  alkali,  however,  should  first  be  exactly  neutiaUud  by 
pare  nitric  acid. 

The  arseniates  of  lime,  nickel,  cobalt,  iron,  copper,  and  lead,  m 
natural  productions. 

Arsenic  acid  unites  In  two  proportions  with  potassa,  soda,  and  la- 
monia,  forming  neutral  and  bi-salt^,  all  of  which,  the  neutral  arseniate  of 
potassa  excepted,  may  be  obtained  in  crystals.  They  are  all  fonnedlqf 
adding  arsenic  acid  to  the  alkaline  carbonates,  in  the  manner  deseribad 
for  forming  the  phosphates.  The  binarseniate  of  potassa  may  be 
formed  conveniently  by  heating  to  redness  equal  parts  of  nitrate  of 
potassa  and  arsenious  acid,  and  continuing  the  heat  until  the  efierrei- 
cence  arising  from  the  nitre  has  ceased.  These  salts  are  so  sinuhrto 
the  corresponding  phosphates  both  in  form  and  composition,  that  a 
particular  description  is  unnecessary. 

Arsenites. 

The  only  soluble  compounds  of  arsenious  acid  and  salifiable  bases 
known  to  chemists,  are  the  arsenites  of  potassa,  soda,  and  ammonia, 
which  may  be  prepared  by  boiling  a  solution  of  these  alkalies  in  arse- 
nious acid.  The  other  arsenites  are  insoluble,  or,  at  most,  sparingly 
soluble  in  pure  water;  but  they  are  dissolved  by  an  excess  of  their 
own  acid,  with  great  facility  by  nitric  acid,  and  by  most  other  acids 
with  which  their  bases  do  not  form  insoluble  compounds.  The  insol- 
uble arsenites  are  easily  formed  by  the  way  of  double  decomposition. 

On  exposing  the  arsenites  to  heat  in  close  vessels,  either  the  arseni- 
ous acid  is  dissipated  in  vapour,  or  they  are  converted,  with  disengage- 
ment of  some  metallic  arsenic,  into  arseniates.  Heated  with  charcoal 
or  bhck  flux,  the  acid  is  reduced  with  facility.  (Page  269.) 

The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  formng 
a  yellow  arsenite  of  silver  when  mixed  with  the  nitrate  of  that  base, 
and  a  green  arsenite  of  copper,  Scheele*s  green,  with  sulphate  of 
copper.  When  acidulated  with  acetic  or  muriatic  acid,  sulphuretted 
hydrogen  causes  the  formation  of  orpiment.  The  insoluble  arsenites 
are  all  decomposed  when  boiled  in  a  solution  of  carbonate  of  potassi 
or  soda. 

The  arsenite  of  potassa  is  the  active  principle  of  Fowler's  arsenical 
solution. 


SECTION  IV. 

CHROMATES.    BORATES.    FLUOBORJiTES, 

Chronmtes. 

The  salts  of  chTomie  «ic\A  ^xt  tcv^%^'^  «v^^x  k^^  "^^^W^^  <it  red  co- 
/our,  (he  latter  I'ml  preAowAu^iVwv^  vjXvtTve.Ntx  ^«i  ^ka^  \%\\wvnKM». 
The  chro mates   of  the  coiuraow  weV«\%  ^x«i  ^%^^\n.^^%\\s^  v<t»^\^ 
red  heat,  by  which  the  ac\d  \»  iwoXNe^KtWo  V^^^x^tv  w\^^^\  ^ 
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h  very  high  temperatare  without  decomposition.  They  are  all  de- 
composed without  exception  by  the  united  agency  of  heat  and  com- 
bostible  matter. 

The  chromates  are  in  general  sufficiently  distinguished  by  their 
colour.  They  may  be  Icnown  chemically  by  the  following  character : — 
On  boiling  a  chromate  in  muriatic  acid  mixed  with  alcohol,  the  chro- 
tnic  acid  is  at  first  set  free,  and  is  then  decomposed,  a  green  muriate 
of  the  oxide  of  chromium  bein&^  generated. 

The  only  native  chromate  hitherto  discovered  is  the  red  chromate 
of  lead  from  Siberia,  in  the  examination  of  which  Yauquelin  made  the 
discovery  of  chromium. 

Chromates  of  Potassa. — The  chromate  of  potassa,  from  which  ail 
the  compounds  of  chromium  are  directly  or  indirectly  prepared,  is 
made  by  healing  to  redness  the  native  oxide  of  chromium  and  iron, 
eommonly  called  chromate  of  iron,  with  an  equal  weight  of  nitrate  of 
potassa,  when  chromic  acid  is  generated,  and  unites  with  the  allcali  of 
the  nitre.  After  digesting  the  ignited  mass  in  water  until  the  chro- 
niute  is  dissolved,  the  solution  is  neutralized  by  nitric  acid,  and  con- 
centrated by  evaporation,  in  order  that  the  nitrate  of  potassa  should 
crystallize.  The  residual  liquid  is  then  set  aside  to  evaporate  sponta- 
neously, and  the  chromate  is  gradually  deposited  in  small  prismatic 
crystals  of  a  lemon-yellow  colour.  The  primary  form  of  its  crystals, 
according  to  Mr  Brooke,  is  a  right  rhombic  prism. 

Chromate  of  potassa  has  a  cool,  bitter,  and  disagreeable  taste.  It  is 
loluble  to  great  extent  in  boiling  water,  and  in  twice  its  weight  of 
that  liquid  at  60**  Fahr.  It  is  insoluble  in  alcohol.  It  has  an  alkaline 
reaction,  and  on  this  account  M .  Tassaert*  regards  it  as  a  suhsalt ;  but 
Dr  Hiomsonhas  proved  that  it  is  neutral  in  composition,  consisting  of 
B2  parts  or  one  equivalent  of  chromic  acid,  aiid  48  parts  or  one  equi- 
Talent  of  potassa.     Its  crystals  are  anhydrousf. 

The  Uchromate  of  potassa,  which  is  made  in  large  quantity  at  Glas- 
gow for  dyeing,  is  prepared  by  acidulating  the  neutral  chromate  with 
fulphuric  acid,  and  allowing  the  solution  to  crystallize  by  spontaneous 
evaporation.  When  slowly  formed  it  is  deposited  in  four-sided  tabu- 
Iv  crystals,  the  primary  form  of  which  is  an  oblique  rhombic  prism. 
They  have  an  exceedingly  rich  red  colour,  are  anhydrous,  and  consist 
of  one  equivalent  of  the  alkali,  and  two  equivalents  of  chromic  acid. 
(Thomson.)  They  are  soluble  in  about  ten  times  their  weight  of 
water  at  60°  F.,  and  the  solution  reddens  litmus  paper. 

The  insoluble  salts  of  chromic  acid,  such  as  the  chromates  of  baryta, 
lead,  protoxide  of  mercury,  and  silver,  are  prepared  by*  mixing  the 
soluble  salts  of  those  bases  with  a  solution  of  the  chromate  of  potassa. 
The  two  former  are  yellow,  the  third  orange-red,  and  the  fourth  deep 
red  or  purple.  The  yellow  chromate  of  lead,  which  consists  of  one 
equivalent  of  acid,  and  one  equivalent  of  oxide,  is  now  extensively 
used  as  a  pigment. 

A  dichromate  of  lead,  composed  of  one  equivalent  of  chromic  acid, 
and  two  equivalents  of  the  protoxide  of  lead,  may  be  formed  by  boil- 
ing carbonate  of  lead  with  excess  of  chromate  of  potassa.  it  is  of  a 
beautiful  red  colour,  and  has  been  recommended  by  Mr  Badams  as  a 
pigment.  (Annals  of  Philosophy,  N.  S.  vol.  ix.  p.  803.) 
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Borate$. 

As  the  boracic  is  a  feeble  »cid,  it  neutrelizea  the  alkalies  in  tn  in- 
perfect  manner,  and  on  this  account  the  borates  of  soda,  potaan,  and 
ammonia  have  always  an  alkaline  reaction.  For  the  same  reason, 
when  the  borates  are  dif>esteil  in  any  of  the  more  powerful  acids,  such 
as  tlie  sulphuric,  nitric,  or  muriatic,  the  boracic  acid  is  separated  from 
its  bafte.  This  does  not  happen,  however,  at  high  temperatures;  for 
boiacic  acid,  owing  to  its  fixed  nature,  decomposes  at  a  red  heat  all 
8a1t4,  not  excepting  sulphates,  the  acid  of  which  is  volatile. 

Die  borates  of  the  alkalies  are  soluble  in  water,  but  all  the  odier 
salts  of  this  acid  are  of  sparing  solubility.  They  are  not  decompoied 
by  heat,  and  the  alkaline  and  earthy  borates  resist  the  action  of  beat 
and  combustible  matter.  They  are  remarkably  fusible  in  the  fire,  a 
property  obviously  owing  to  the  great  fusibility  of  boracic  aciditaelt 
The  borates  are  distinguished  by  the  following  character  :—fiy  di- 
gesting any  borate  in  a  i*light  excess  of  strong  sulphuric  acid,  evipo- 
rating  to  diynes^,  and  boiling  the  residue  in  strong  alcohol,  a  solution 
is  formed,  which  has  the  property  of  burning  with  a  neen^ flame. 
(Page  191.) 

Biborate  of  Soda. — This  salt,  the  only  borate  of  Importance,  ocean 
native  in  &ome  of  the  lakes  of  Thibet  and  Persia,  and  is  extncted  ftom 
this  source  by  evaporation.  It  is  imported  from  India  in  a  erode  state, 
umlor  the  n.une  of  TincaU  which,  alter  being  puri6ed,  constitutes  the 
refined  borax  of  commerce.  1 1  is  frequently  called  suhhoratt  oftoda, 
a  name  siip:jjested  by  the  Inconsistent  and  unphilosophical  practice, 
now  quite  iiuidmissihle,  of  regulating  the  nomenclature  of  salts  merely 
by  their  action  on  vegetable  colouring  matter.  It  crystallizes  in  hexa- 
hedral  ptistns,  which  effloresce  on  exposure  to  the  air,  and  require 
twenty  parts  of  cold,  and  six  of  boiling  water  for  solution.  When  ex- 
posed to  heat,  the  crystals  are  first  deprived  of  their  water  of  crystal- 
lization, and  then  fused,  forming  a  vitreous  transparent  substance, 
called  glass  of  borax.  The  crystals,  according  to  the  analysis  of  Df 
Thomson,  are  composed  of  48  parts  or  two  equivalents  of  boracic  add, 
82  or  one  equivalent  of  soda,  and  72  or  eight  equivalents  of  water. 

The  chief  use  of  borax  is  as  a  t^ux,  and  for  the  preparation  of  boiacic 
acid.  The  biborate  of  magnesia  is  a  rare  natural  production,  which  i» 
known  to  mineralogists  by  the  name  of  boracite. 

Fluoborates. — The  compounds  of  fluoboric  acid  with  salifiable  bases 
are  as  yet  almost  entirely  unknown.  Dr  Davy  ascertained  that  it  uoitei 
with  ammoniacal  gas  in  three  proportions,  forming  salts,  one  of  whi^i 
is  solid,  and  the  two  others  liquid. 


SECTION  V. 

CJiliBOJVATES. 

The  carbonates  are  distinguished  from  other  salts  by  being  decom- 
posed with  effervescence,  owing  to  the  escape  of  carbonic  acid  ga«. 
by  nearly  all  the  adds. 

All  the  carbonates,  exce^Vxtv^^  VYvf^a^  oC  ^otassa,  soda,  and  lithia,B»«y 
be  deprived  of  theit  ac\d  \^^  Yve^X.   TYm  f»ietMsta2ut»  ^^  Vt^r^ta  sod 
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itrootiaa  and  especially  the  former,  require  an  inteiMe  white  heat  for 
lecompoaition  ;  those  of  lime  and  magnesia  are  reduced  to  the  caus- 
tic state  by  a  full  red  heat ;  and  the  other  carbonates  part  with  their 
carbonic  acid  when  heated  to  dull  redness. 

All  the  carbonates,  excepting  those  of  potassa,  soda,  and  ammonia, 
ue  of  sparing  solubility  in  pure  water;  but  all  of  them  are  more  or 
teas  soluble  in  an  excess  of  carbonic  acid,  owing  doubtless  to  the 
feimiation  of  super-salts. 

The'former  nomenclature  of  the  salts  is  peculiarly  exceptionable 

mm  applied  to  the  carbonates.    The  two  well  known  carbonates  of 

potassa,  for  example,  are  distinguished  by  the  prepositions  sub  and 

mtMfery  as  if  the  one  had  an  alkaline,  and  the  other  an  acid  reaction  ; 

ivnereas,  in  fact,  according  to  their  action  on  test  paper,  they  are  both 

^sub-salts.    I  shall  adopt  the  nomenclature  which  has  been  employed 

with  other  salts,  applying  the  generic  name  of  carbonate  to  those  salts 

which  contain  one  equivalent  of  carbonic  acid,  and  one  equivalent 

of  the  base, — compounds  which  may  be  regarded  as  neutral  in  com* 

position,  however  they  may  act  on  the  colouring  matter  of  plants. 

Several  of  the  carbonates  occur  native,  among  which  may  be 
•numerated  the  carbonates  of  soda,  baryta,  strontia,  lime,  magnesia, 
manganese,  protoxide  of  iron,  copper,  lead,  and  the  double  carbonate 
of  lime  and  magnesia. 

Carbonate  ofPotassa. — This  salt  is  procured  in  an  impure  form  by 
framing  land  plants,  lixiviating  their  ashes,  and  evaporating  the  solu* 
Hon  to  dryness,  a  process  which  is  performed  on  a  large  scale  in  Ruf  • 
rfa  and  America.    The  carbonate  of  potassa,  thus  obtained,  is  known 
in  commerce  by  the  names  of  potash  and  pearlashf  and  is  employed 
in  many  of  the  arts,  especially  in  the  formation  of  soap  and  the  manu- 
frcture  of  glass.     When  derived  from  this  source,  it  always  contains 
other  salts,  such  as  the  sulphate  and  muriate  of  potassa ;  and,  there* 
fore,  for  chemical  purposes,  should  be  prepared  from  cream  of  tartar, 
title  bitartrate  of  potassa.    On  heating  this  salt  to  redness,  the  tar- 
taric acid  is  decomposed,  and  a  pure  carbonate  of  potassa  mixed  with 
charcoal  remains.    The  carbonate  is  then  dissolved  in  water,  and, 
'  after  filtration,  is  evaporated  to  dryness  in  a  capsule  of  platinum  or 
rilver. 

Pure  carbonate  of  potassa  has  a  taste  strongly  alkaline,  is  slightly 
caustic,  and  communicates  a  green  to  the  blue  colour  of  the  violet. 
It  dissolves  in  less  than  an  equal  weight  of  water  at  60°  F.,  deliquesces 
rapidly  on  exposure  to  the  air,  and  crystallizes  with  much  difficulty 
from  its  solution.  In  pure  alcohol  it  is  insoluble.  It  fuses  at  a  full 
red  heat,  but  undergoes  no  other  change.  According  to  the  analysis 
of  Dr  Wollaston,  it  is  composed  of  22  parts  or  one  equivalent  of  car* 
bonic  acid,  and  48  parts  or  one  equivalent  of  potassa. 

The  purity  of  any  given  specimen  of  this  salt  is  conveniently  ascer- 
tained by  means  of  sulphuric  acid  of  specific  gravity  1.141.  Of  this 
acid,  855  grains  neutralize  100  grains  of  pure  carbonate  of  potassa. 
(Dr  Henry.) 

Bicarbonate  of  Potassa  is  made  by  transmitting  a  current  of  car- 
bonic acid  gas  through  a  solution  of  the  carbonate  of  potassa.  By 
slow  evaporation,  the  bicarbonate  is  deposited  from  the  liquid  in 
prisms  with  eight  sides,  terminated  with  dihedral  summits.  Its  pri- 
mary form  is  a  right  rhomboidal  prism. 

The  bicarbonate  of  potassa,  though  far  milder  than  the  carbonate, 
is  alkaline  both  to  the  taste  and  to  test  paper.    U  Aot^  tvoV  Cv^Xxo^^-a^k 
on  exposure  to  the  air.     It  requires  four  limes  VVa  v»e\i^V  <il  y«^\fcx.  ^^ 
eo^F.  forsoIutioD,  and  is  much  more  soVubVe  «lX  "5t\'i?  V  .X^aVvV."**^ 
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with  0ome  of  its  acid  at  that  temperature.  At  i  low  red  heit,ifii 
convened  into  the  carbonate.  From  the  analysis  of  Dr  WoIbuMi, 
the  cryMials  con«i«it  of  one  equivalent  of  potassa,  two  of  acid,  aod  on 
of  water.  1  have  lilie wise  analyzed  this  salt,  aod  obtaioeil  i  riiAt 
result. 

I)r  Tliom^on,  in  his  "  First  Principle!!,"  has  described  a  seiqincfr  I  ^^ 
bonate,  which  was  discovered  by  Dr  Niinino  of  Glasgow.  Its  ajs-  I  ^^ 
tali*  'AW.  composed  of  one  equivalent  of  potassa,  an  equivalent udi  I  ^ 
hall  of  rarlMMiic  arid,  and  six  equivalents  of  water.  I  ^^ 

Carbonate  of  Soda. — The  cai bonate  of  soda  of  commtfeebib'  I  i 
taini'd  by  lixiviatinj;  the  ashes  of  sea- weeds.  The  best  variety  ii  l^y 
known  by  th(*  name  o(  barilla,  and  is  derived  chiefly  from  theidiiii  I  ^^ 
soda  and  salieornia  herbarea,  A  very  inferior  kind,  known  by  Ae  t^}- 
name  of  Ac*//',  is  prepaied  from  sea-weeds  on  the  northern  shores  rf  lti|s 
Scotland.  The  purest  barilla,  however,  though  well  fitted  formiki^  1  ^ 
Hoap  and  n;l.i'<'«,  and  for  othur  purposes  in  the  arts,  always  coDtaiosAl  I  >' 
sulph.i((>s  .iud  iiiuri.it<'s  of  pot.issa  and  soda,  and  on  this  account  is  of  lldi  I  ^ 
PcrvifM'  to  till'  chiMiiist.  A  purer  CHrbonatc  is  prepared  by  heatiof;  ataf-  I  ^ 
ture  of  oulpli.iti*  of  sudn,  saw-dust,  and  liuic,  in  a  reverberator)'  fuma.  I C 
Uy  the  action  (it  the  carbonaceous  matter,  the  sulphuric  acid  isdecoB-  I  i 
posed  \  its  sulphur  partly  uniting  with  lime  and  partly  being  dissipiIBi  1 1 
in  tlu>  loMii  oi  sul]iburous  arid,  while  the  caibonic  acid,  which  is  pfr  Is 
crated  duiiitj;  the  proces'*,  unites  with  soda.  The  carbonate  offodiii  1 1 
then  obtained  by  lixiviatioii  and  crystallization.  It  is  difikultH  |t 
obtciin  tlii<  halt  quite  free  from  sulphuric  acid. 

I'lie  qiianiity  of  real  cai bonate  in  the  soda  of  commerce  miy  be 
C0!iv«iiiriiily  estimated  by  its  iieutraiizin<i;  power.  One  hunditd 
praiii- <il  I'liie  r.uhonato  of  sudd  is  neutralized  by  460  graios of scl- 
pbuiie  aiiil  id  (b>n>ity  1111. 

Ctib'iii.iti'  111  >oda  eiyst.iliizes  in  octahedrons  with  a  rhomycbise, 
the  acute  aii;;les  of  which  aie  generally  li unrated.  The  cryni'J 
cflloic^ci-  I'U  «xpo-ure  to  the  air,  and,  when  heated,  dissolve  in  thar 
watci ct  ci\«;t.dli/,ation.  IJy  ri>ntii)Ued  heat,  they  are  lendereii  an* 
hyi!rou<  \Miln)Ut  lo^s  of  caiboiiie  acid.  They  dissolve  in  about  two 
parts  ol  c«»lil.  ;in(i  in  rather  less  than  their  weijiht  oi  boiliijo  water, and 
tin*  .-ohiiinM  li.is  a  -tioni;  alkaline  ta^te  and  reaction.  Accouiingto 
Dr'Jhotsi-iin,  the  crystals  aie  cofnpo«jed  of  22  parts  or  one  equivaleai 
of  ear  lion  ie  aciti,  .*{2  p.uts  or  one  equivalent  of  soda,  and  90  parts  K 
ten  equiv.iliMils  of  water.  The  water  of  ery>ta!lizalion  is  apt  to  n^ 
accortluiir  to  the  temperature  at  which  the  crystals  are  formed. 

Jiicmbnnntf  nf  Soda. — This  salt  is  made  by  transmitting  a  curreni 
ofcail.oiiic  acid  {j;as  through  a  solution  of  the  carbonate,  and  isdfr 
po!.iicil  in  ciy>t.illmc  grains  by  evaporation.  Though  still  alkaiioe,): 
is  much  milder  (Ikiii  the  carbonate,  and  far  less  soluble,  requiring abou'. 
ten  timt-  ir-  weight  ol  water  at  (iO'  F.  for  solution.  It  is  decomposei 
partially  at  212  V.  and  is  converted  into  the  carbonate  by  a  red  heat. 
It  iscorripo-eii,  accordiir^r  lo  Thoiirson,  of  two  equivalents  of  acid,  one 
of  the  l).i-c.  arid  one  of  water.     This  lesult  1  h<ive  confirmed  by  my 

own  oi'^ei  V;Ui(Hl. 

S<.'s(/uicnthunate.—Th\fi  compound  occurs  native  on  the  banks  of 
the  Likes  (,(  <(),jj  i„  (},(.  province  ol  Sukena  in  Africa,  whence  it  is  ex- 
ported under  ihe  name  of  yVonn.     It  was  first  distinguished  from  the 
lWo   other  eaihonite.s  l.y  Mr  Phillips*,  whose  analysis    corresponds 
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that  of  Klaprolh.    It  consists  of  one  equivalent  of  soda,  an  equiv- 

t  and  a  half  of  acid,  and  two  equivalents  of  water. 

rbonate  of  Ammonia. — The  only  method  of  procuring  this  salt 

mixing  dry  carbonic  acid  over  mercury,  with  twice  its  volume  of 

»niacal  gas.    It  is  a  dry  white  volatile  powder,  of  an  ammoniacal 

r,  and  alkaline  reaction.    From  the  proportion  of  its  constituents 

'olume,  it  is  easy  to  infer  that  it  is  composed,  by  weight,  of  22 

s  or  one  equivalent  of  carbonic  add,  and  17  parts  or  one  equiv- 

it  of  ammonia. 

iearbonate  of  Ammonia. — This  salt  was  formed  by  BerthoHet, 
transmitting  a  current  of  carbonic  acid  gas  through  a  solution  of 
common  carbonate  of  ammonia  of  the  shops.    On  evaporating  the 
&^^id  by  a  gentle  heat,  the  bicarbonate  is  deposited  in  small  six.sided- 
^^^ms,  which  have  no  smell,  and  very  little  taste.    Berthollet  ascer* 
^-  ^Cied  that  it  contains  twice  as  much  acid  as  the  carbonate. 
^  '^^ksquiearbonate  of  Ammonia. — The  common  carbonate  of  ammonia 
'  -j^^^  the  shops,  (he  subcarbonas  ammonia  of  the  pharmacoposia,  is 
""  "~^rent  from  both  these  compounds.    It  is  prepared  by  heating  a 
;ture  of  one  part  of  muriate  of  ammonia  with  one  part  and  a  half  of 
carbonate   of  lime,  carefully  dried.    Double  decomposition  en- 
during the  process  ;  muriate  of  Jime  remains  in  the  retort,  and  the 
^quicarbonate  of  ammonia  is  sublimed*.     The  carbonic  acid  and 
ionia  are,  indeed,  in  proper  proportion  in  the  mixture  for  forming 
.«  real  carbonate ;  but  from  the  heat  employed  in  the  sublimation,  part 
'"'  v"  the  ammonia  is  disengaged  in  a  free  state. 
I  ^     The  salt  thus  formed  consists,  according  to  the  analysis  of  Mr  PhU- 
^^i,  Dr  Ure,  and  Dr  Thomson,  of  33  parts  or  an  equivalent  and  a  half 
^«  carbonic  acid,  of  17  parts  or  one  equivalent  of  ammonia,  and  9  parts 
Y  one  equivalent  of  water.    When  recently  prepared  it  is  hard,  com- 
mct,  semi-transparent,  of  a  crystalline  texture,  and  pungent  ammoni- 
«al  odour ;  but  if  exposed  to  the  air,  it  loses  weight  rapidly,  and  is 
on  verted  into  an  opake  brittle  mass,  whi^his  the  bicarbonate. 
Carbonate  of  Baryta  occurs  abundantly  in  the  lead  mines  of  the 
^orth  of  England,  where  it  was  discovered  by  Dr  Withering,  arid  has 
^ence  received  the  name  of  WitJherite.    It  may  be  prepared  by  way 
^>f  double  decomposition,  by  mixing  a  soluble  salt  of  baryta  with  any 
«f  the  alkaline  carbonates  or  bicarbooates.     It  is  exceedingly  insoluble 
Id  distilled  water,  requiring  4300  times  its  weight  of  water  at  60°  F. 
and  2300  of  boiling  water  for  solution  4  but  when  recently  precipitated, 
it  is  dissolved  much  more  freely  by  a  solution  of  carbonic  acid.    It  is 
highly  poisonous. 

Carbonate  of  Strontia,  which  occurs  native  at  Strontian  in  Argyle- 
shire,  and  is  known  by  (he  name  of  sirontianiiej  may  be  prepared 
in  the  same  manner  as  carbonate  of  baryta.  It  is  very  insoluble  in 
pure  water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 

Carbonate  of  Lime. — This  salt  is  a  very  abundant  natural  produc- 
tion, and  occurs  under  a  great  variety  of  forms ;  such  as  common 
limestone,  chalk,  marble,  and  Iceland  spar,  and  in  regular  crystals. 
It  may  also  be  formed  by  precipitation.  Though  sparingly  soluble 
in  pure  water,  it  is  dissolved  by  carbonic  acid  in  excess.    On  this  ac- 

*  The  products  of  this  decomposition  are,  strictly  speaking,  sesqui- 
carbonate  of  ammonia,  water,  and  chloride  of  calcium.    The  ^.e^o^v- 
carhonate  and  water  sublime  together,  and  chloride  (^^ddum  v&\%Sx. 
Jn  the  retort.  B,  J^"»»i^ 
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with  some  of  its  acid  at  that  temperature.  At  «  low  red  beat.  If  li 
converted  into  the  carbooate.  From  the  analysie  of  Dr  WoDutHi, 
the  crystals  consist  of  one  equivalent  of  potassa,  tvro  of  acid,  and  one 
of  water.  1  have  likewise  analyzed  this  salt,  and  obtained  a  riaibi 
result. 

Dr  Thomson,  in  his  *'  First  Principles,"  has  described  a  sesqinar* 
bonate,  which  was  discovered  by  Dr  Nlmmo  of  Glasgow.  Its  m 
tals  are  composed  of  one  equivalent  of  potassa,  an  equivalent  udi 
half  of  carbonic  acid,  and  six  equivalents  of  water. 

Carbonate  of  Soda. — The  cai bonate  of  soda  of  commerce  if  ok- 
tained  by  lixiviating  the  ashes  of  sea-weeds.  The  l>est  vaiietf  k 
known  by  the  name  of  barilla,  and  is  derived  chiefly  from  the  mM 
8oda  and  salieornia  herbaeea,  A  very  inferior  kind,  known  by  tki 
name  of /re//i,  is  prepared  from  sea- weeds  on  the  northern  shomi  if 
Scotland.  The  purest  barilla,  however,  though  well  fitted  formiUf 
soap  and  glaHs,  and  for  other  purposes  in  the  arts,  always  cootaiof  Ai 
sulphates  and  muriates  of  potassa  and  soda,  and  on  this  account  Isoflldi 
service  to  the  chemist.  A  purer  carbonate  is  prepared  by  heating  anif* 
ture  of  sulphate  of  soda,  saw-dust,  and  lime,  in  a  reverbieratory  fumcai 
By  the  action  of  the  carbonaceous  matter,  the  sulphuric  acid  isdeeos- 
posed ;  its  sulphur  partly  uniting  with  lime  and  partly  being  (fisiipittd 
in  the  form  of  sulphurous  acid,  while  the  carbonic  acid,  which  ism- 
erated  during  the  process,  unites  with  soda.  The  carbonate  of  sooiii 
then  obtained  by  lixiviation  and  crystallization.  It  Is  diffleuU  to 
obtain  thin  salt  quite  free  from  sulphuric  acid. 

The  quantity  of  real  carbonate  in  the  soda  of  commerce  raty  be 
conveniently  estimated  by  its  neutralizing  power.  One  huodnd 
grains  of  pure  carlionate  of  soda  is  neutralized  by  460  grains  of  ml* 
phuric  acid  of  dcn.sity  1  1  11. 

Caibonatc  of  soda  crystiillizcs  in  octahedrons  with  a  rhombic  base, 
the  acute  an^ie:)  of  which  are  generally  truncated.  The  crystals 
effloresco  on  exposure  to  the  air,  and,  when  lieated,  dissolve  io  their 
water  of  crystallizHtion.  By  continued  heat,  they  are  rendered  m- 
hydrous  without  loss  of  carbonic  acid.  They  dissolve  in  aboattwo 
parts  of  cold,  smd  in  rather  less  than  their  weight  of  boiling  water,  and 
the  soliilion  has  a  strong  alkaline  taste  and  reaction.  Accordiogto 
Dr  Thornton,  the  crystals  are  composed  of  22  parts  or  one  equivaleot 
of  carbonic  acid,  .32  parts  or  one  equivalent  of  soda,  and  90  parts ff 
ten  equivalents  of  water.  The  water  of  crystallization  is  apt  to  vaiy 
according:  to  the  temperature  at  which  the  crystals  are  formed. 

Bicarbonate  of  Soda. — This  salt  is  made  by  transmitting  a  curreDt 
of  carbonic  acid  jras  thiough  a  solution  of  the  carbonate,  and  isde 
posited  in  ciystalline  grains  by  evaporation.  Though  still  alkaline, it 
is  mnrb  inildir  than  the  cail)onate,  and  far  less  soluble,  requiring aboflt 
ten  times  ii-  weight  of  water  at  60^  F.  for  solution.  It  is  decomposed 
partially  at  212  F.  and  is  converted  into  the  carbonate  by  a  red  heat 
It  is  composed,  according  to  Thomson,  of  two  equivalents  of  acid,  one 
of  the  base,  and  one  of  water.  Tliis  result  1  have  confirmed  by  my 
own  ohsirrvation. 

Scsquicarbonate. — This  compound  occurs  native  on  the  banks  of 
the  lakes  of  soda  in  the  province  of  Sukena  in  Africa,  whence  it  is  ex- 
ported under  the  name  of  Trona.  It  was  first  distinguished  from  the 
two  other  carbonates  by  Mr  Phillips*,  whoso  analysis   corresponds 


I 
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riib  that  of  Klaprolh.    It  consists  of  one  equivalent  of  soda,  an  equiv- 
iilent  and  a  half  of  acid,  and  two  equivalents  of  water. 

Carbonate  of  Ammonia. — The  only  method  of  procuring  this  salt 
18  by  mixing  dry  carbonic  acid  over  mercury,  with  twice  its  volume  of 
eunmoniacal  gas.  It  is  a  dry  white  volatile  powder,  of  an  ammoniacal 
odour,  and  allcaline  reaction.  From  the  proportion  of  its  constituents 
by  volume,  it  is  easy  to  infer  that  it  is  composed,  by  weight,  of  22 
parts  or  one  equivalent  of  carbonic  add,  and  17  parts  or  one  equiv- 
alent of  ammonia. 

Bicarbonate  of  Ammonia. — This  salt  was  formed  by  Berthollet, 
hy  transmitting  a  current  of  carbonic  acid  gas  through  a  solution  of 
the  common  carbonate  of  ammonia  of  the  shops.  On  evaporating  the 
Uquid  by  a  gentle  heat,  the  bicarbonate  is  deposited  in  small  six-sided- 
piisms,  which  have  no  smell,  and  very  little  taste.  Berthollet  ascer* 
taioed  that  it  contains  twice  as  much  acid  as  the  carbonate. 

Sesquicarbonate  of  Ammonia. — The  common  carbonate  of  ammonia 
of  the  shops,  (he  subcarbonas  ammonia  of  the  pharmacoposia,  is 
different  from  both  these  compounds.  It  is  prepared  by  heating  a 
mixture  of  one  part  of  muriate  of  ammonia  with  one  part  and  a  half  of 
Ihe  carbonate  of  lime,  carefully  dried.  Double  decomposition  en- 
flues  during  the  process ;  muriate  of  lime  remains  in  the  retort,  and  the 
sesquicarbonate  of  ammonia  is  sublimed*.  The  carbonic  acid  and 
ammonia  are,  indeed,  in  proper  proportion  in  the  mixture  for  forming 
the  real  carbonate ;  but  from  the  heat  employed  in  the  sublimation,  part 
of  the  ammonia  is  disengaged  in  a  free  state. 

The  salt  thus  formed  consists,  according  to  the  analysis  of  Mr  Phil- 
lips, Dr  Ure,  and  Dr  Thomson,  of  33  parts  or  an  equivalent  and  a  half 
of  carbonic  acid,  of  17  parts  or  one  equivalent  of  ammonia,  and  9  parts 
or  one  equivalent  of  water.  When  recently  prepared  it  is  hard,  com- 
pact, semi-transparent,  of  a  crystalline  texture,  and  pungent  ammoni- 
acal odour ;  but  if  exposed  to  the  air,  it  loses  weight  rapidly,  and  is 
ton  verted  into  an  opake  brittle  mass,  whiehis  the  bicarbonate. 

Carbonate  of  Baryta  occurs  abundantly  in  the  lead  mines  of  the 
north  of  England,  where  it  was  discovered  by  Dr  Withering,  and  has 
hence  received  the  name  of  Witherite.  It  may  be  prepared  by  way 
of  double  decomposition,  by  mixing  a  soluble  salt  of  baryta  with  any 
of  the  alkaline  carbonates  or  bicarbonates.  It  is  exceedingly  insoluble 
In  distilled  water,  requiring  4300  times  its  weight  of  water  at  60°  F. 
and  2300  of  boiling  water  for  solution  ;  but  when  recently  precipitated, 
it  is  dissolved  much  more  freely  by  a  solution  of  carbonic  acid.  It  is 
highly  poisonous. 

Carbonate  of  Strontia,  which  occurs  native  at  Strontian  in  Argyle- 
shire,  and  is  known  by  the  name  of  strontianiie,  may  be  prepared 
in  the  same  manner  as  carbonate  of  baryta.  It  is  very  insoluble  in 
pure  water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 

Carbonate  of  Lime. — This  salt  is  a  very  abundant  natural  produc- 
tion, and  occurs  under  a  great  variety  of  forms ;  such  as  common 
limestone,  chalk,  marble,  and  Iceland  spar,  and  in  regular  crystals. 
It  may  also  be  formed  by  precipitation.  Though  sparingly  soluble 
in  pure  water,  it  is  dissolved  by  carbonic  acid  in  excess.    On  this  ac* 


*  The  products  of  this  decomposition  are,  strictly  speaking,  sesqui- 
carbonate of  ammonia,  water,  and  chloride  of  calcium.    The  sesot^wv- 
carbonate  and  water  sublime  together,  and  chloride  of  caldumV&X^Sx. 
Jn  the  retort.  B, 
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VMM.  ItTeqabMMWpHtaofMldtindMOOorbot  waiecficnli- 
tloD.  ItbMMhMttanacMforcwtoalekcld,  ihaitbc  sulphiir 
or  liinill*  b  Mt  piodfHMrt  Bl  an  la  dM  eaU  by  the  alktline  hiis- 
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Monidiam  daparitad.  wUeh  eaoaUt  of  -13  put) 
aMinbM  aftlM  cubonUa,  wd  ZI  pitta  «  three  equinleoUof  nila, 
(Dr  Ham  Md  Banalta.) 
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Cnpldly  bvm  the  alBiaipfaeie,  and  trie  protoaide  of  lR>n,ptiifq 
tb«  mie  or  pwoslde,  pirti  with  carbonic  acid.  For  (hli  iwwi 
the  ctrbonate  ot  uoa  of  the  pbariiiacopa:la  Is  ot  a  red  eolour,  mi  t» 
■lilt  chleRy  of  Ihe  peioxlde. 

CarbMiatt  of  Cojijmjt.— The  beauilful  green  miners),  e»n«l(Ml* 
ehitt,  il  acarbonite  of  (he  peroiide  of  copper;  and  a  aimiUi  can- 
pound  mayke  formed  from  iM  pcrsulpb3(e  by  double  decoiDpiilitiiii, 
or  by  eipoBlng  metallic  coppei  lo  air  and  moisture.  According  lo  lb 
analysis  of  mtlachlta  b;  Mr  Phillips,  ihia  miDcrBl  ia  composed  o(Bt 
perls  or  one  equivalent  of  ihe  pcroiide  of  copper,'  one  eqoinlrat  ll 
carbonic  acid,  and  one  equiraleul  cf  nater.    (Jouroil  of  Sdeoct, 

Tbe  blue  pigment,  called  verdittr,  said  to  be  prepared  by  derail^- 
inp  nitrate  of  copper  by  chalk,  b  aa  impuTO  carbonale*. 

Carbanale  ofLead.—Tbia  ga1(,  nhlch  is  the  tnhite  Uadaittnn 
of  ptimors,  occurs  native,  but  may  be  obtained  by  double  decompo- 
allion.  It  la  prepared  for  the  purposca  of  commerce  by  expo«ii( 
coils  of  thio  (beet  lead  to  the  -vapour  of  vinegar,  vthen,  by  the  acliiiE 


■  On  the  compoaltion  and  prennralion  of  this  pigmeat,  Ihsro*! 
may  coDiull  (be  remailu  of  Mr  Phillips  In  Qw  eMaj  qoMad  ht» 
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SECTION  VI. 

SALTS  OF  THE  HYDRJICIDS. 

By  the  expression  salts  of  the  hydracids  is  meant  those  saline  com- 
pounds, the  acid  of  which  contains  hydrogen  as  one  of  its  elements. 
These  salt?  owing  to  the  peculiar  constitution  of  their  acid,  have  cer- 
tain common  properties,  and  may,  therefore,  be  described  advanta- 
Siously  in  the  same  section.  Many  of  the  circumstances  relative  to 
em  have  already  been  mentioned  in  sufficient  detail,  partly  in  the 
lemarks  introductory  to  the  study  of  the  metals,  (page  275,)  and 
partly  in  the  description  of  the  individual  metals  themselves.  I  shall, 
for  this  reason,  describe  the  salts  of  the  hydracids  chiefly  in  a  general 
manner,  giving  a  particular  description  of  those  compounds  only, 
Wbich  are  possessed  of  some  peculiar  interest. 

Most  of  the  salts  which  are  composed  of  a  hydracid  and  a  metallic 
oxide  are  so  constituted,  that  the  oxygen  of  the  oxide  contains  a 
quantity  of  oxygen  precisely  sufficient  for  forming  water  with  the  hy- 
drogen of  the  acid.  This  is  true  of  all  the  neutral  compounds  con- 
taining a  protoxide,  without  exception,  and  it  liicewise  holds  good  in 
many  other  cases.  Thus,  in  the  soluble  muriate  of  the  peroxide  of 
iron,  the  oxide,  which  contains  an  equivalent  and  a  half  of  oxygen,  is 
imited  with  an  equivalent  and  a  half  of  acid ;  and  in  the  soluble  per- 
muriate  of  copper,  the  oxide,  which  contains  two  equivalents  of  oxy- 
gen, is  united  with  two  equivalents  of  acid. 

T^e  elements  of  the  saks  of  the  hydracids,  as  mentioned  at  page 
2f75,  are  very  prone  to  arrange  themselves  in  a  new  order.  All  these 
salts  are  exposed  to  the  action  of  two  divellent  and  three  quiescent 
affinities.  In  the  muriate  of  soda,  for  example,  the  forces  which  tend 
to  prevent  a  change,  are  the  attraction  of  sodium  for  oxygen,  of  chlo- 
rine for  hydrogen,  and  of  muriatic  acid  for  soda ;  while  the  opposite 
sdO&nities  are  the  attraction  of  chlorine  for  sodium  and  of  hydrogen  for 
oxygen.  The  latter  always  preponderate  when  heat  is  employed, 
because  the  volatility  of  water  favours  the  production  of  that  fluid ; 
and  in  many  instances  the  affinities  appear  so  nicely  balanced,  that 
the  cohesion  of  one  of  the  compounds  is  sufficient  to  influence  the 
result,  as  is  exemplified  by  muriate  of  soda,  which,  in  the  act  of  crys- 
tallizing, is  converted  into  chloride  of  sodium. 

Muriates  or  Hydrochlorates. 

Most  of  the  salts  of  muriatic  acid  are  soluble  in  water,  and  some  of 
them  exist  only  in  a  state  of  solution.  They  are  distinguished  from 
other  salts  by  forming  the  white  insoluble  chloride  of  silver,  when 
mixed  with  the  nitrate  of  that  base,  and  by  being  decomposed  with 
disengagement  of  muriatic  acid  fumes  by  strong  sulphuric  acid.  The 
decomposition  of  the  muriates,  owing  to  the  volatile  nature  of  their 
acid,  is  effected  by  the  phosphoric  and  arsenic  acids  at  the  tempera- 
ture of  ebullition. 

Muriatea  of  Potassa  and  Soda. — These  salts  exist  only  in  a  state 
of  solution,  and  are  frequently  contained  in  minecail  &i^uw^%.    X^^ 
muriate  of  soda,  as  already  mentioned  in  \Vxo  secWoii  ow  %Q^\\3a& 
tbs  chief  coastituent  of  sea- water. 
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count  the  9pnn%  water  of  limestone  districts  always  contains  carbontfe 
of  lime,  which  is  deposited  when  the  water  is  boiled. 

Carbonate  of  Magnesia, — ^This  salt  is  easily  prepared  by  adding 
carbonate  of  potassa  in  slight  excess  to  a  hot  solution  of  sulphate  of 
magnesia,  and  edulcorating  the  precipitated  carbonate  with  warm 
water.  It  requires  2493  parts  of  cold,  and  9000  of  hot  water  for  solu- 
tion. It  is  so  soluble  in  an  excess  of  carbonic  acid,  that  the  sulphate 
of  magnesia  is  not  precipitated  at  all  in  the  cold  by  the  alkaline  bica^ 
bonates,  or  by  the  sesquicarbonate  of  ammonia.  On  allowing  a  solo- 
ton  of  carbonate  of  magnesia  in  carbonic  acid  to  stand  in  an  open  Yet* 
sel,  minute  crystals  are  deposited,  which  consist  of  42  parts  or  one 
equivalent  of  the  carbonate,  and  27  parts  oi  three  equivalents  of  water. 
(Dr  Henry  and  Berzelius.^ 

The  native  carbonate  of  magnesia,  according  to  the  analysis  of  Dr 
Henry  and  Stromeyer,  is  simuar  in  composinon  to  the  predpitated 
carbonate. 

Carbonate  of  Iron. — Carbonic  acid  does  not  form  t  definite  coiO' 
pound  with  peroxide  of  iron,  but  with  the  protoxide  it  cODstittrtesa 
salt  which  is  an  abundant  natural  production,  occurring  sometimes 
massive,  and  at  other  times  crystallized  in  rhomboids  or  bexaeonal 
prisms.  This  protocarbonate  of  iron  is  contained  also  in  most  of  the 
chalybeate  mineral  waters,  being  held  in  solution  by  fiee  carbonie 
acid ;  and  it  mav  be  formed  by  mixing  an  alkaline  carbonate  with  (be 
protosulphate  of  iron.  When  prepared  by  precipitation  it  attracts  oxy- 
gen rapidly  from  the  atmosphere,  and  the  protoxide  of  iron,  passing 
into  the  state  of  peroxide,  parts  with  carbonic  acid.  For  this  reasoD) 
the  carbonate  of  iron  of  the  pharmacopoeia  is  of  a  red  colour,  and  con- 
sists chiefly  of  the  peroxide. 

Carbonate  of  Copper.— The  beautiful  green  mineral,  called  mala- 
chite,  is  a  carbonate  of  the  peroxide  of  copper ;  and  a  similar  com- 
pound may  ^e  formed  from  the  persulphate  by  double  decomposition, 
or  by  exposing  metallic  copper  to  air  and  moisture.  According  to  the 
analysis  of  malachite  by  Mr  Phillips,  this  mineral  is  composed  of  80 
parts  or  one  equivalent  of  the  peroxide  of  copper,'  one  equivalent  of 
carbonic  acid,  and  one  equivalent  of  water.  (Journal  of  Science, 
vol.  iv.) 

The  blue  pigment,  called  verditer^  said  to  be  prepared  by  decompos- 
ing nitrate  of  copper  by  chalk,  is  an  impure  carbonate*. 

Carbonate  of  Lead. — This  salt,  which  is  the  white  lead  or  eervu 
of  painters,  occurs  native,  but  may  be  obtained  by  double  decompo- 
sition. It  is  prepared  for  the  purposes  of  commerce  by  exposing 
coils  of  thin  sheet  lead  to  the  vapour  of  vinegar,  when,  by  the  action 
of  the  acid  fumes,  the  lead  is  both  oxidized  and  converted  into  a  car- 
bonate . 


•  On  the  composition  and  preparation  of  this  pigment,  the  reader 
may  consult  the  remarks  of  Mr  Phillips  \n  the  essay  quoted  in  tbe 
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SECTION  VI. 
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AALTS  OF  THE  HYDRACIDS. 

By  the  expression  salts  of  the  hydradds  is  meant  those  saline  com- 
pounds, the  acid  of  which  contains  hydrogen  as  one  of  its  elements. 
These  salt?  owing  to  the  peculiar  constitution  of  their  acid,  have  cer- 
tain common  properties,  and  may,  therefore,  be  described  advanta- 
Siously  in  the  same  section.  Many  of  the  circumstances  relative  to 
em  have  already  been  mentioned  in  sufficient  detail,  partly  in  the 
lemarkfl  introductory  to  the  study  of  the  metals,  (page  275,)  and 
partly  in  the  description  of  the  individual  metals  themselves.  I  shall, 
for  this  reason,  describe  the  salts  of  the  hydracids  chiefly  in  a  general 
manner,  giving  a  particular  description  of  those  compounds  only, 
which  are  possessed  of  some  peculiar  interest. 

Most  of  the  salts  which  are  composed  of  a  hydracid  and  a  metallic 
oxide  are  so  constituted,  that  the  oxygen  of  the  oxide  contains  a 
oaantity  of  oxygen  precisely  sufficient  for  forming  water  with  the  hy- 
orogen  of  the  acid.  This  is  true  of  all  the  neutral  compounds  con- 
taining a  protoxide,  without  exception,  and  it  likewise  holds  good  in 
many  other  cases.  Thus,  in  the  soluble  muriate  of  the  peroxide  of 
iron>  the  oxide»  which  contains  an  equivalent  and  a  half  of  oxygen,  is 
united  with  an  equivalent  and  a  half  of  acid  ;  and  in  the  soluble  per- 
mmiate  of  copper,  the  oxide,  which  contains  two  equivalents  of  oxy- 
gen, is  united  with  two  equivalents  of  acid. 

llie  elements  of  the  salts  of  the  hydracids,  as  mentioned  at  page 
2V5,  are  very  prone  to  arrange  themselves  in  a  new  order.  All  these 
salts  are  exposed  to  the  action  of  two  divellent  and  three  quiescent 
affinldes.  In  the  muriate  of  soda,  for  example,  the  forces  which  tend 
to  prevent  a  change,  are  the  attraction  of  sodium  for  oxygen,  of  chlo- 
rine for  hydrogen,  and  of  muriatic  acid  for  soda ;  while  the  opposite 
aflinlties  are  the  attraction  of  chlorine  for  sodium  and  of  hydrogen  for 
oxygen.  The  latter  always  preponderate  when  heat  is  employed, 
becaose  the  volatility  of  water  favours  the  production  of  that  fluid ; 
and  in  many  instances  the  affinities  appear  so  nicely  balanced,  that 
the  cohesion  of  one  of  the  compounds  is  sufficient  to  influence  the 
result,  as  is  exemplified  by  muriate  of  soda,  which,  in  the  act  of  crys- 
tallizing, is  converted  into  chloride  of  sodium. 

Muriates  or  Hydrochlorates. 

Blost  of  the  salts  of  muriatic  acid  are  soluble  in  water,  and  some  of 
them  exist  only  in  a  state  of  solution.  They  are  distinguished  from 
other  salts  by  forming  the  white  insoluble  chloride  of  silver,  when 
mixed  with  the  nitrate  of  that  base,  and  by  being  decomposed  with 
disengagement  of  muriatic  acid  fumes  by  strong  sulphuric  acid.  The 
decomposition  of  the  muriates,  owing  to  the  volatile  nature  of  their 
acid,  is  eflected  by  the  phosphoric  and  arsenic  acids  at  the  tempera- 
ture of  ebullition. 

Muriates  of  Potassa  and  Soda. — These  salts  exist  only  in  a  state 
of  solution,  and  are  frequently  contained  in  mineral  springs.  The 
muriate  of  soda,  as  already  mentioned  in  the  section  on  8odu]n^^^& 
the  chief  constituent  of  sea- water. 
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Muriate  of  Ammonia. — This  salt,  the  sal  ammoniac  of  commerce, 
was  formerly  imported  from  Egypt,  where  it  is  procured  by  sublimif 
lion  from  the  soot  of  camel's  duog ;  but  it  is  now  maaufactured  in 
Europe  by  several  processes.  The  most  usual  method  is  to  decom- 
pose sulphate  of  ammonia  by  the  muriate  either  of  soda  or  magnesL 
Double  decomposition  ensues,  giving  rise  in  both  cases  to  muriate  of 
ammonia,  and  to  sulphate  of  soda,  whea  the  muriate  of  that  base  if 
used,  or  to  sulphate  of  magnesia,  when  the  muriate  of  magnesia  is  em- 
ployed. The  sal  ammoniac  is  afterwards  obtained  in  a  pure  state  by 
sublimation.  Sulphate  of  ammonia  may  be  conveniently  procured  w 
this  purpose,  either  by  lixiviating  the  soot  of  coal,  which  contuDS 
(hat  salt  in  considerable  quantity ;  or  by  digesting  the  impure  carbon- 
ate of  ammonia,  procured  by  exposing  bones  and  other  animal  mat- 
teis  to  a  red  heat,  with  g}'psum,  so  as  to  form  an  insoluble  carbonate 
of  lime,  and  a  soluble  sulphate  of  ammonia. 

Muriate  of  ammonia  has  a  pungent  saline  taste,  and  is  soluble  in 
three  parts  of  water  at  60^  F,  causing  a  considerable  reduction  of 
temperature  during  the  solution.  Boiling  water  dissolves  about  an 
equal  weight,  and  the  solution  deposites  crystals  in  cooling.  At  a  tem- 
perature below  redness,  it  sublimes  without  fusing  or  undeigoiog  any 
change  in  composition,  and  condenses  on  cool  surfaces  as  an  anhy- 
drous salt,  which  attracts  humidity  in  a  moist  atmosphere,  but  if 
pure  is  not  deliquescent. 

When  muriatic  acid  gas  is  mixed  with  an  equal  volume  of  ammonia, 
both  gases  disappear  entirel}',  and  pure  muriate  of  ammonia  results. 
It  heiice  follows  that  this  salt  is  composed  by  weight  of  37  parts  or 
one  equivalent  of  muriatic  acid,  and  17  parts  or  one  equivalent  of 
ammonia. 

Muriate  of  Baryta. — This  compound  is  best  formed  by  dissolnng 
carbonate  of  baryta,  cither  native  or  artificial,  in  muriatic  acid  diluted 
with  three  parts  of  water.  It  may  also  be  formed  by  the  action  of 
muriatic  acid  on  the  hydrosulphuret  of  barj'ta,  (page  292;)  or  by 
heating  sulphate  of  baryta  with  an  equal  weight  of  muriate  of  lime 
until  fusion  takes  place,  and  then  dissolving  the  muriate  of  baryta 
which  is  generated,  and  separating  it  by  means  of  a  filter  from  the 
sulphate  of  lime. 

Muriate  of  baryta,  when  its  solution  is  gently  evaporated,  crystallizes 
readily  in  flat  rectangular  plates,  bevelled  at  the  edges,  much  resem- 
bling crystals  of  heavy  spar.  The  crystals,  according  to  Thomson, 
consist  of  115  parts  or  one  equivalent  of  muriate  of  baryta,  and  9  parts 
or  one  equivalent  of  water.  On  heating  the  crystals  to  redness,  two 
equivalents  of  waterare  expelled,  and  106  parts  or  one  equivalent  of  the 
chloride  of  barium  are  left.  The  crystals,  therefore,  may  be  regarded 
as  chloride  of  barium  with  two  equivalents  of  water  of  crystallization. 
The  fact,  noticed  by  Mr  Graham,  that  the  pulverized  crystals  lose  two 
equivalents  of  water  in  a  very  dry  atmosphere,  and  recover  them  again 
in  a  moist  one,  is  very  favourable  to  this  opinion. 

The  crystallized  muriate  of  baryta  is  insoluble  in  pure  alcohol.  H 
requires  about  two  and  a  half  times  its  weight  of  water  at  60'  F.  for 
solution,  and  is  much  more  soluble  in  boiling  water.  The  crystals  are 
permanent  in  the  air. 

This  salt  is  much  cm\»lovcd  as  a  reagent  in  chemistry. 
Muriate  of  slrontia  \a  Tcv^«i^  \tv  >iJcife  «?okv^  \ccM\tvet  as  muriate  of 
baryta,  from  w\uc\\\t\s  (ivaXXtv^xxv^^^Xi^  \^ci\\!D:\\\^  ^\\&\s^^^ 
by  its  solubility  in  a\co\\o\»  vc\OL\i^\vx\^^\>^v^^"a.\«i^>t\\iXV!i^iw^^   '^^ 
crystals  consist  of  one  eaw\va\^^^-  ^^  Toxav^Xfe  oil  «Xvi^s.^x^^ -sa^ jlx^ 
equivalents  of  water-,  ^nd  vjYievi^ti^^^-^^^^^^^^'^^*^^'^^^^^^^^^ 
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water  aie  expelled,  and  one  equivalent  of  the  chloride  of  strontiam 
renndnfl. 

The  crystallized  muriate  attracts  humidity  from  a  moist  atmosphere, 
bat,  if  pore,  it  is  permanent  in  a  moderately  dry  air.  The  crystals  are 
ezeeedingly  sohible  in  boiling  water,  and  require  for  solution  about 
twice  their  weiji^t  of  irater  at  eo*"  F. 

Muriate  of  lime  is  formed  by  neutralizing  muriatic  acid  with  pure 
marble.  The.salt  is  very  soluble  both  in  water  and  alcohol,  and  de- 
liqaescee  with  rapidity  even  in  a  dry  atmosphere.  It  crystallizes, 
though  with  considerable  difficulty,  in  prisms,  which  consist,  accord- 
ing to  Thomson,,  of  one  equivalent  of  muriate  of  lime,  and  six  equiva-  , 
lents  of  water.  When  heated,  seven  equivalents  of- water  are  ex- 
pelled and  a  chloride  remains.  It  may  of  course  be  regarded  as 
chloride  of  calcium,  with  seven  equivalents  of  water  of  crystalliza- 
tioo. 

The  crystallized  muriate  is  the  compound  which  produces  such  an 
intense  degree  of  cold  when  mixed  with  snow.  It  is  prepared  for  this 
purpose  by  evaporating  the  solution  until  a  drop  of  it  on  falling  upon 
a  cold  saucer  becomes  solid. 

Muriate  of  magnesia  exists  in  many  mineral  springs,  and  is  con- 
tained abnnifamtly  in  sea- water.  When  muriate  of  soda  is  separated 
firom  sea- water  by  crystallization,  an  uncrystallizable  liquid,  called 
bittemi  is  left,  which  consists  chiefly  of  muriate  of  magnesia,  and  is 
mach  employed  in  the  manufacture  of  sal  ammoniac  for  decomposing 
sulphate  of  ammonia. 

Muriate  of  magnesia  has  a  bitter  taste,  is  highly  soluble  in  alcohol 
>  and  water,  and  deliquesces  with  rapidity  in  the  open  air.    When  heat- 
ed to  redness,  it  loses  a  portion  of  its  acid  as  well  as  water. 

Muriate  of  iron. — When  iron  is  dissolved  in  dilute  muriatic  acid,  a 
muriate  of  the  protoxide  is  generated,  which  yields  pale  green-colour- 
ed crystals  when  the  solution  is  concentrated  by  evaporation.  This 
salt  is  much  more  soluble  in  hot  than  in  cold  water,  and  is  not  deli-  ' 
quescent.  It  absorbs  oxygen  with  rapidity  from  the  air,  forming  a 
■oluMe  muriate  of  the  peroxide.  When  boiled  with  a  little  nitric  acid, 
a  soluble  muriate  of  the  peroxide  is  also  generated,  which  is  of  a  red 
colour,  crystallizes  with  difficulty,  deliquesces  or  exposure  to  the  air, 
and  is  dissolved  by  alcohol.  It  is  composed  of  one  equivalent  of  the 
peroxide,  and  an  equivalent  and  a  half  of  muriatic  acid,  being  a  ses- 
quimuriate. 

The  black  oxide  is  also  dissolved  by  muriatic  acid,  forming  a  dark 
coloured  solution,  which  may  be  regarded  as  a  mixture  of  the  muriates 
of  the  peroxide  and  protoxide  of  iron.  (Page  318.) 

Hydriodates. 

Hydriodic  acid  unites  with  the  alkalies  and  alkaline  earths,  and  with 
the  oxides  of  manganese,  zinc,  and  iron.  With  several  of  the  metallic 
oxides,  it  does  not  enter  into  combination.  Thus  on  mixing  the  hy- 
driodate  of  potassa  with  a  salt  of  mercury  or  silver,  the  iodides  of  these 
metals  are  deposited.  With  the  acetate  of  lead,  a  yellow  compound  is 
thrown  down,  which  is  an  iodide  of  lead. 

The  most  direct  method  of  forming  the  hydriodates  of  the  alkalies 
and  alkaline  earths,  all  of  which  are  soluble  \u  \9^\et,  \%  \^^  ti^wNx^VL- 
ing  ibose  bases  with  bydriodic  acid.    The  bydnod^Ve^  qI  \\^\i  ^w^ix^v^ 

iuajr  be  made  by  digesting  small  fragments  o{  \Ykoa©  ixi^VaX^  y^VXv'^'^^'*- 

ia  wbicb  iodiae  is  suspended. 
■^  f^  ^y^riodates  are  decomposed  by  bu\9Viuuc  wi^mVcvt^six^^ 
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hf  dJorine,  the  hydiiodic  icid  betac  dqnived  of  faydrogen,  tnd  te 
iodine  tet  at  liberty.  (Page  214.)  Tiiey  are  not  doeomposed  bf  a- 
poaare*to  the  air. 

The  ODly  hydriodatea  which  hare  hitfierto  heen  foimd  natife  m 
those  of  potaasa  and  soda*  the  aoweea  of  which  have  idieady  been  iM»' 
tioned  in  Uie  section  on  iodine.  Of  theae  salts,  the  l^ydriodate  of  pa> 
tafsa  is  the  most  common. 

Hydriodate  of  PoUusa.—Thla  salt,  which  is  the  only  hydiioditeef 
importance,  ezitts  only  in  solution;  for  it  is  converted  in  the  set  of 
ciystallizing  into  iodide  of  potassiiim.  It  is  exceedingly  soluble  ia  befi> 
ing  water,  and  requires  only  two-thirds  of  its  weight  of  water  it  9ft 
F.  for  solution.  It  is  dissolved  freely  by  alcohol;  and  when  a  sttaal- 
ed,  hot,  alcoholic  solution  is  set  aside  to  cool,  iodide  of  potiirian 
is  deposited  in  cuUc  ciystals.  A  solution  of  hydriodate  of  pofSMii 
capable  of  dissolving  a  large  quantity  of  iodine,  a  property  wfaidiii 
common  to  all  the  hydiiodates. 

The  hydriodate  of  potassa  is  easfly  made  by  neatialfaEing  hydiiodie 
acid  with  pure  potassa ;  but  in  preparing  a  considerabloqnantityof  tke 
salt,  as  for  medical  use,  it  is  desirable  to  dispense  with  um  prsfiDlBS- 
jy  step  of  making  the  acid.  With  this  intention  the  following aiediod, 
which  I  have  described  in  the  Edinburgh  Medical  and  9meal  Jour- 
nal for  July  1826,  may  be  employed  with  advantage,  neprocess 
consists  in  adding  to  a  hot  solution  of  pure  potassa  as  moeh  lodbie  ts 
it  is  capable  of  dissolving,  by  which  means  a  deep  browniah-ied  co- 
loured ftuid  is  formed,  consistiDg  of  the  iodate  and  hydriodate  of  po- 
tassa, together  with  a  large  excess  of  free  iodine.  Through  this  solation 
a  current  of  sulphuretted  hydrogen  gas  is  transmitted,  UDtil  the  free 
iodine  and  iodic  acid  are  converted  into  hydriodic  acid,  chauges  wbieh 
may  be  known  to  be  accomplished  by  the  liquid  becoming  quite  limpid 
and  colourless.  The  solution  is  then  gently  heated  in  order  to  expel 
any  excess  of  sulphuretted  hydrogen,  and,  after  being  filtered,  the  free 
hydriodic  acid  is  exactly  neutralized  by  pure  potassa. 

A  still  easier  process  has  been  proposed,  which  consists  in  addi&i 
ioiline  to  a  solution  of  hydrosulphate  of  potassa,  or  the  common  *q»flf 
sulphuris  of  the  Pharmacopoeia,  (page  273)  until  the  potassa  is  ei- 
actly  neutralized.  The  hydriodate  is  then  formed  at  once,  without  the 
necessity  of  a  current  of  sulphuretted  hydrogen  gas. 

Hydrobromates. 

The  salts  of  hydrobromic  acid  have  as  yet  been  but  partially  enn* 
ined,  and  the  chief  facts  known  respecting  them  have  already  bees 
mentioned  in  the  section  on  bromine. 

Hydrofluates. 

Hydrofluoric  acid  unites  readily  with  the  pure  alkalies,  yielding  so- 
luUe  hydrofluates,  which  are  converted  into  metallic  fluorides  by  the 
action  of  heat.  The  neutral  hydrofluates  of  the  alkalies,  tho«e 
namely  that  contain  one  equivalent  of  acid  and  one  equivalent  of  base, 
have  an  alkaline  reaction.  It  may  be  doubted  if  this  acid  can  unite  at 
all  with  the  alkaline  earths ;  for  it  yields  with  them  insoluble  com- 
pounds, which  have  all  the  characters  of  metallic  fluorides.  The 
**™f  [en^ark  applies  to  the  action  of  hydrofluoric  acid  on  the  earths, 
with  the  exception  of  alumina  and  zirconia,  which  form  soluble  hydro- 

The  salts  of  hydioCluonc  aicX^vc^  lAfiA^ga&An^Vs  Ssnu^Ai^with  mn- 
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:iftte  of  Kme,  a  white  gelatinous  precipitate,  which  yields  hydrofluoric 
icid  when  heated  with  concentrated  sulphuric  acid. 

It  is  doubtful  if  any  hydrofluate  exists  ready  formed  in  the  mineral 
kingdom.  Four  minerals  may  be  enumerated  as  such  ;  namely,  the 
iopaz  or  the  double  hydrofluate  of  silica  and  alumina,  the  hydrofluate 
>fcerium,  double  hydrofluate  of  cerium  and  yttria,  and  cryolite  or  the 
louble  hydrofluate  of  alumina  and  soda.  It  is  probable,  however, , 
hat  these  compounds,  like  fluor  spar,  are  metallic  fluorides. 

Hydrofluate  ofPotassa. — Potassa  unites  with  hydrofluoric  acid  in 
two  proportions,  forming  a  hydrofluate  and  bihydrofluate ;  the  former 
!>f  which  consists  of  one,  and  the  latter  of  two,  equivalents  of  acid, 
united  with  one  equivalent  of  potassa.  The  hydrofluate,  which  has 
in  alkaline  reaction,  is  best  prepared  by  supersaturating  carbonate  of 
potassa  with  hydrofluoric  acid,  evaporating  the  solution  to  dryness, 
ind  expelling  the  excess  of  acid  by  heat.  The  residue  has  a  sharp  sa- 
line taste,  is  deliquescent,  and  crystallizes  with  difficulty ;  but  when 
evaporated  at  a  temperature  between  95°  and  104°,  it  forms  cubic  crys- 
tals. These  crystals,  like  the  salt  after  being  heated,  are  most  proba- 
bly fluoride  of  potassium. 

The  bihydrofluate  is  easily  procured  by  adding  to  hydrofluoric  acid 
a  quantity  of  potassa  iosuflicient  for  neutralizing  it  completely,  and 
coDcentrating  the  solution.  By  slow  evaporation  it  yields  rectangular 
tables,  the  lateral  edges  of  which  are  bevelled.  This  salt  has  an  acid 
reaction,  is  soluble  in  water,  and  decomposed  by  heat. 

Hydrofluate  of  Soda, — The  neutral  and  acid  hydrofluates  of  soda 
may  be  formed  in  the  same  manner  as  the  preceding  salts.  The  acid 
hydrofluate  consists  of  one  equivalent  of  base  and  two  of  the  acid,  pos- 
■eeses  a  sharp  and  purely  sour  taste,  is  but  sparingly  soluble  in  cold 
water,  and  crystallizes  in  transparent  rhombohedrons.  The  neutral  hy- 
dirofluate  is  sparingly  soluble  in  water,  and  its  solubility  is  not  increas- 
ed by  elevation  oi  temperature.  It  is  almost  completely  insoluble  in 
alcohol.  It  commonly  crystallizes  in  cubes  like  chloride  of  sodium, 
but  assumes  the  form  of  an  octahedron  when  carbonate  of  soda  is  pre- 
■ent. 

The  neutral  and  acid  hydrofluates  of  lithia  are  sparingly  soluble  in 
water. 

The  neutral  hydrofluate  of  ammonia  may  be  prepared  by  mixing  in 
a  platinum  crucible  1  part  of  sal  ammoniac  and  2  1-4  parts  of  fluoride 
of  sodium,  both  in  fine  powder  and  quite  dry,  and  applying  a  gentle 
beat  with  a  spirit  lamp.  The  hydrofluate  of  ammonia  sublimes,  and 
condenses  in  small  prisms  on  the  lid  of  the  crucible,  if  kept  cool,  with- 
out any  admixture  of  muriate  of  ammonia.  Chloride  of  sodium  is  ge- 
nerated at  the  same  time. 

This  salt  is  permanent  in  the  air,  slightly  soluble  in  alcohol,  and  co- 
piously dissolved  by  water.  It  corrodes  glass  vessels  even  in  its  dry 
state.  In  solution  it  gradually  parts  with  ammonia,  and  is  converted 
into  a  deliquescent  bihydrofluate. 

It  is  doubtful  if  the  alkaline  earths  combine  at  all  with  hydrofluoric 
acid.  On  digesting  recently  precipitated  carbonate  of  baryta  in  an  ex- 
eeas  of  this  acid,  carbonic  acid  is  gradually  evolved,  and  a  compound 
it  formed,  which  appears  to  l>e  a  fluoride  of  barium.  It  is  very 
•lightly  soluble  in  water  and  hydrofluoric  acid ;  but  it  is  dissolved 
freely  by  muriatic  acid,  and  ammonia  added  to  the  solution  causes  a 
precipitate,  which  is  a  compound  of  fluoride  and  chloride  of  barium. 
A  similar  substance  is  formed  on  mixing  a  solution  of  muriate  of  ba- 
lyta  with  an  alkaline  hydrofluate. 

On  dlgesUog  newly  precipitated  carbonate  oi  Wme  Vcv  ^tk  ^^^«^%  ^^ 
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_  of  (he  mlirnbla  base  wilh  irbich  it  ia  milled.    Thiu  1«at- 

■HMlf'Ttf  ptT"*  it  compoted  o{  one  eqaivklenl  of  fecrocfanic  tal, 
iJMlll  I— litim  tiin  ndiyrlf'^i"  (page  26i))  and  two  equiTalenla  of 
■MMM.  ma  the  klkalies  aad  alkuline  esitlu.  Ibis  acid  EoRoa  solubk 
•MMaoBd*;  bm  it  pcecipiutei  nearly  sll  (he  salts  of  the  comnua 
PMldit  riTtfE  liM  «llhei  la  (he  ferracyauale  of  an  oxide  at  the  iem- 

-This  salt,  someDoiea  called  Iri^  fn» 

bydiEeetiog  pure  fenacyanaleof  thepn- 

'  i  alkali  in  Deutnlized,  by  which  oieut 

RDd  a  yellow  liquid  is  formed,  nhkb 

"  of  potasao.  by  evBporB(ioD.    Iliii 


,« 


dM  MraxUa  of  intt  la  M  Cee,  rd<] 
fiiMt«i]r«tab  oTlha  fNncj«iMM 

Mil  li  n*ia  m  klana  ImI*  hi  lb*  Mb  by  igniting  diUd  bl 
aalMll  IMlUN,  Mdl  Mhoobwdbocns,  with  potashandiran.  Uf 
dw  aslBd  imbB—  oTIbM*  inhihdcea  at  a  high  (empDnlure,  (be 
fcuwrmiMt  af  pflttwiBni.  iinnJalhn;  of  nae  equiruletit  or(benilial 
wTlbllDcyaale  acid,  (page  260,)  arul  (wo  eqiuvalenta  of  paUssiucD,  is 
■•Danleil.  Such  at  least  is  iDlerted  to  be  the  product;  fai  do  £g«l- 
tB§  the  letidue  In  water,  >  boIuiIod  of  the  ferracjaaate  of  pousu  'a 
obtahicd- 

FerrocyaDate  of  poluaa  is  a  perfectly  neutial  salt,  which  i>  iDlubte 
talNi  (ban  ill  awn  weight  of  water,  aoil  focma  large  tramfHUit.  &ku^ 
Mad  tabular  cryB(^,  derived  froiD  an  acute  rhoi^c  ocUlNiiBa.  A* 
•plea*  of  which  are  deeply  triiQcated.    The   colour  of  Am  nlc  ii 

dtOeranL  rram  that  of  hyiimcyauic  acid,  aod  ia  penuaueat  in  the  ^ 
WbcD  hcaiod  lo  212^  F.  or  even  beton  that  temperature,  each  eiiidf 
■lent  of  the  salt  parta  with  three  equivalents  at  water,  leuing  m 
•qulnleat  ofthe  lerrocyanurat  of  poiaBaium.  The  water,  Ihmm  i* 
^antaged  with  such  facility,  that  Betzelius  regardalfaa  cmtriiu 
coniiatiDK  of  the  (srrocyaiiuret  of  potuaium  eonbliiad  wtm  4w 


aqidnlenU  of  w*(et  of  ciy^ailizaUoo.  (An.  da  Ch.  at  da  Fknfc 
ST.)  On  heaUiiE  (ba  dry  compound  to  full  redueaa  In  okaa  vmm^ 
decoDiponUoD  idea  place,  nltrosan  gu  It  diiangagad,  and  gFMart 


of  polaiaium  mixed  with  carburet  of  iron  rsmalu  in  the  le 

Very  great  dlperiity  of  opiaioD  prevail!  reapectlng  Iba  atosia  IM- 

iUtulioD  or  this  salt.    There  is  good  reason  to  belieTe  &am  (be  *n» 

Imend  of  Berzelioa,  Phillips,  and  othen,  that  one  eqniTalMU  01^ 

ciyatillixed  aall  contaioi  the  foUowing  auhiiaDcea  i — 

Cyanogen 

Potaiaium 


It*  lohition  in  walat  baa  all  tbapropartie*  that  may  ba  sxpaaM  km 
Iba  prasenea  of  ferrocyanle  acid  and  potacta,  and  I  ahaJl  aeaai4i^ 
regixdlt,  when  hi  Iliil  ilile.  n  rnntaming  hnlh  ihrnii  ■iilalawm  B 
(ha  fortn  of  cryalala,  it  la  pari>*p*  mare  limpla  to  eoaddar  it  wUh  l» 
zeliui  ai  a  double  cyanurat  of  Iron  and  potualum,  with  fntaraf  ^p 
tallliation.  The  reader  will  find  a  diBCUBeioo  of  dila  aiiUaet  ta  ■■ 
Phlloaopbleal  Hsgailiie  and  AumI*,  1 110,  hj  Ur  ntOUpB. 

The  rerrocyanate  of  potaisi  i«  employed  In  ttia  pcepacatloB  of  faNHl 
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JPerrotyctnate  ofBaaryta  is  prepared  by  digesting  purified  Prussian 
blue  with  a  eolation  of  pure  baryta.  It  is  soluble  in  water,  aud  forms 
yellow  cfjritals  by  evaporation.  It  is  used  in  the  formation  of  ferrocy- 
enie  add. 

When  ferroeyanate  of  potassa  is  mbced  in  solution  with  a  salt  of  lead, 
e  white  precipitate  subsides,  which  Berzelius  has  proved  to  be  similar 
ia  composition  to  the  ferrocyanuret  of  potassium,  consisting  of  one 
equivalent  of  the  radical  of  ferrocyanic  acid,  and  two  equivalents  of  lead. 
with  salts  of  meieary  and  silver,  analogous  compounds,  likewise  of  a 
^vhite  colour,  are  generated.  With  a  per-salt  of  copper,  the  ferroeya- 
nate of  potassa  <*aase8  a  brownish-red  precipitate,  which  appears  to  be 
the  ferroc3ranate  of  the  peroxide  of  copper. 

^errotyanaU  qf  the  peroxide  of  iron^  ^hxth.  is  formed  by  mixing 
ferroeyanate  of  pOtassa  with  a  per-salt  of  iron  in  slight  excess,  and 
washing  the  precipitate  with  water,  is  characterized  by  an  intensely 
deep  Mue  colour,  and  is  the  basis  of  the  beautiful  pigment  called 
JPrtMSum  hhu.  It  is  insipid  and  inodorous,  insoluble  in  water,  and  is 
not  decomposed  by  dilute  muriatic  or  sulphuric  acid.  Concentrated 
muriatic  aeid,  by  the  aid  of  heat,  separates  the  acid,  and  strong  sul- 
phaiic  add  renders  it  white — a  change,  the  nature  of  which  has  not 
been  explained.  The  alkalies  and  alkaline  earths  decompose  it  rea- 
dily»  uniting  with  the  ferrocyanic  acid  and  separating  the  peroxide  of 
iron.  The  peroxide  of  mercury,  as  already  mentioned,  (page  360)  ef- 
feets  the  complete  decomposition  of  the  salt,  forming  bicyanuret  of 
mercury.  Ymv  complicated  changes  are  produced  by  an  elevated 
temperature.  On  heating  the  ferroeyanate  to  redness  in  a  close  ves- 
sel, a  considerable  quantity  of  water  and  carbonate  of  ammonia,  to- 
getfier  with  a  small  portion  of  hydrocyanate  of  ammonia,  are  generat- 
ed; while  a  carburet  of  iron  remains  in  the  retort — phenomena  which, 
in  conjunction  with  (he  facts  above  stated,  leave  no  doubt  of  this  com- 
pomdcontaidng  ferrocyanic  acid  and  peroxide  of  iron.  The  precise  pro- 
portion of  its  constituents  has  not  been  satisfactorily  determined ;  but  it 
most  probably  consists  of  one  equivalent  of  the  peroxide,  and  an  equiv- 
alent and  a  half  of  the  acid*. 

Phisslan  blue,  the  discovery  of  which  was  made  in  1710,  has  been 
studied  by  several  chemists,  especially  by  Proust,  (An.  de  Chimie, 
Iz.)  and  bv  Berzelius,  Porrett,  and  Robiquet,  to  whose  essays  I  re- 
fimed  whUe  describing  the  ferrocyanic  acid.  The  colouring  matter  of 
this  pigment  is  ferroeyanate  of  the  peroxide  of  iron,  which  is  mixed 
with  alumina  and  peroxide  of  iron,  together  with  the  subsulphates 
of  one  or  both  of  those  bases.  It  is  prepared  by  heating  to  redness 
dried  blood,  or  other  animal  matters,  with  an  equal  weight  of  pearlash. 


*  In  this  statement,  Dr  Turner  does  not  appear  to  have  adverted 
to  the  fact  that  ferrocyanic  acid  contains  two  equivalents  of  hydrogen. 
It  is  altogether  probable,  that  in  Prussian  blue,  the  acid  and  base 
are  united  in  such  proportions,  that  the  hydrogen  of  the  former  and 
the  oxygen  of  the  latter  are  in  the  proper  ratio  to  form  water.  Now 
one  equivalent  of  peroxide  of  iron  contains  an  equivalent  and  a  half 
of  oxygen,  and  it  would  require  three>fourths  of  an  equivalent  of  the 
acid,  supposing  it  to  unite  with  a  quantity  of  the  latter,  containing  an 
equivalent  and  a  half  of  hvdrogen.  Doubling  these  quantities,  the 
probable  proportions  would  be,  two  equivalents  of  peroxide  of  itou^ 
and  an  equivalent  and  a  half  of  the  acid.  B. 
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until  the  mixture  has  acquired  a  pasty  consiateDce.  The  miAm, 
which  consists  chiefly  of  cyauuret  of  potassium  and  carbontis.tf 
potassa,  is  dissolved  in  water,  and  after  t>eing  Altered,  is  mixed  irii 
a  solution  of  two  parts  of  alum  and  one  part  of  the  protosulphtlstf 
iron.  A  dirty  greenish  precipitate  ensues,  which  absorbs  oijfB 
from  the  atmosphere,  and  passes  through  different  shades  of  gna 
anil  blue,  until  at  length  it  acquires  the  proper  colour  of  the  pignMot 
The  chemical  changes  which  take  place  in  this  process  are  of  i 
complicated  nature.  The  precipitate,  which  is  at  first  thrown  dowi^ 
is  occasioned  by  the  potassa,  and  consists  chiefly  of  alumina  and  tb 
protoxide  of  iron.  The  ferrocyanic  acid  is  generated  by  the  protoxi^ 
reacting  upon  some  of  the  hydrocyanic  acid,  so  as  to  form  water ui 
cy»nuret  of  iron,  the  latter  of  which  then  unites  with  undecompoied 
hytlrocyanic  acid.  The  ferrocyanic  acid,  thus  produced,  comtafli 
with  oxide  of  iron ;  and  when  the  latter  has  attained  its  maiimoBif 
oxidiition,  the  compound  acquires  its  characteristic  blue  lioL  fir 
Thomson,  knowing  the  protoxide  to  be  necessary  to  thesucceaif 
the  operation,  concludes  that  this  oxide  enters  into  the  compoiitiooif 
Prufisian  blue  ;  but  here  this  acute  chemist  is  certainly  in  error.  Tk 
only  use  of  the  protoxide  of  iron  is  to  convert  tho  hydrocyanic  iaii 
ferrocyanic  acid ;  a  purpose  for  which  its  presence  is  essential, bi* 
cause  the  peroxide  of  iron  does  not  produce  this  effect,  or  at  least  iai 
very  slow  and  imperfect  manner.  In  every  good  specimen  of  Pmsai 
blue  which  I  have  examined,  the  ferrocyanic  acid  was  in  combimlia 
with  tho  peroxide  of  iron  only. 

Sulphocyanates. — The  salts  of  sulphocyanic  acid  have  been  cbkiiy 
studied  by  Mr  Porrett  and  Jierzclius.     The  sulphocyanate  of  potass^ 
which  is   (he   most  interesting  and   the  best  known  of  these  com- 
pounds, ifl  prepared  by  heating  fcrrocyanate  of  potassa  with  sulphur, 
a  process  lirst  proposed  by  Grotthus,  and  since  modified  by  M.  Vogel 
and  myself.    The  most  convenient  method  of  performing  it  is  to  mix 
the  feriocy.inatc,  in  fine  powder,  with  an  equal  weight  of  sulphur,  aod 
to  place  the  mixture,  contained  in  a  porcelain  capsule,  just  abovea    1 
pan  of  burning  charcoal,  so  that  it  may  be  exposed  to  a  verystroDg    I 
heat,  but  short  of  redness.     The  mixture  is  speedily  fused,  takes  fire, 
and  burns  briskly  for  one  or  two  minutes,  during  which  it  should  be 
well   stirred.     The  combustion  then  ceases  spontaneously,  aod  (1m 
dark  coloured  residue,  consisting  of  unburned  sulphur,  sulphocyanmet 
of  potassium,  and  sulpburet  of  iron,  on  being  dissolved  in  water  aod 
filtered,  yiekls  a  very  pure  and  neu(ral  sulphocyanate  of  potassa.   To 
insure  the  decomposition  of  ail  the  ferrocyanate  of  potassa,  the  mafl 
may  be  allowed  to  remain  in  a  fused  condition  for  a  few  minutes  aftei 
the  combustion  has  ceased,  previous  to  withdrawing  it  from  the  fire. 
In  this  process  the  iron  and  cyanogen  of  the  ferrocyanate  combioe 
with  separate  portions  of  sulphur,  forming  a  sulphurct  of  iron  and  a 
bisulphuret  of  cyanogen,  the  latter  of  which  unites  with  potassiua. 
On  the  addition  of  water,  a  portion  of  that  liquid  is  decomposed,  and 
sulphocyanate  of  potassa  is  generated. 

Sulphocyanate  of  potassa  (and  most  of  the  salts  of  this  group  have 
probably  a  similar  constitution,)  contains  one  equivalent  of  the  acid, 
and  one  equivalent  of  the  oxide ;  so  that  the  oxygen  and  hydrogen 
— ^  In  due  proportion  for  the  production  of  water.  This  salt,  indeed, 
Jn  a  liquid  state;  for  the  crystals  which  are  deposited 
tentraied  aoWWotv,  v)\i«fi  %«,^^.tated  from  the  adhering 
1  v^v^i,  ^oivoX.  cQXiVKvtk  vv'^^x  ^"^^jtx  ^\\taele- 
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deliquescent  on  expotnre  to  the  air,  and  dinolve  lireely  in  water, 
ing  a  solutioD  which  is  quite  neutral.  In  form,  taate,  and  fosi- 
V  tf>ey  are  very  analogous  to  nitre. 

le  sulphocyanate  of  potassa  is  employed  in  preparing  sulphoey- 
acid,  and  as  a  test  for  detecting  the  presence  of  the  peroxide  of 


LI 
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PART  III. 


OJV  OROAXIC  CHEMISTRY. 

THE  department  of  organic  chemistry  comprehends  the  bistoiy  of 
those  compounds  which  are  solely  of  animal  or  vegetable  orijpn, 
and  which  are  hence  called  organic  substances.  These  bodies,  fiewed 
collectively,  form  a  remarkable  contrast  with  those  of  the  mineral 
kingdom.  Such  substances  in  general  are  characterized  by  contain- 
ing some  principle  peculiar  to  each.  Thus  the  presence  of  niliO(De& 
in  the  nitric,  and  of  sulphur  in  the  sulphuric  acid,  establishes  a  wide 
distinction  between  these  substances ;  and  although  in  many  instan- 
ces two  or  more  inorganic  bodies  consist  of  the  same  elements,  u  is 
exemplified  by  the  compounds  of  sulphur  and  oxygen,  or  of  nitrogen 
and  oxygen,  they  are  always  few  in  number,  and  distingubhed  by  i 
well-marked  difference  in  the  proportion  in  which  they  are  united. 
The  products  of  animal  and  vegetable  life,  on  the  contrary,  consist 
essentially  of  the  same  elementary  principles,  the  number  of  which  is 
very  limited.  They  are  nearly  all  composed  of  carbon,  hydrogen, 
and  oxygen,  in  addition  to  which  some  of  them  contain  nitrogea. 
Besides  these,  portions  of  phosphorus,  sulphur,  iron,  silica,  potaan, 
lime,  and  other  substances  of  a  like  nature,  may  sometimes  be  detect* 
ed ;  but  their  quantity  is  exceedingly  minute,  when  compared  wiA 
the  principles  above  mentioned.  In  point  of  composition,  therefoie, 
most  organic  substances  differ  only  in  the  proportion  of  their  coB- 
stituents,  and  on  this  account  may  not  unfrequently  be  converted 
into  one  another. 

The  constitution  of  organic  bodies  is  subject  to  the  general  laws  of 
chemical  union  ;  but  chemists  are  not  agreed  as  to  the  mode  in  which 
they  conceive  the  elements  to  be  combined.  Berzelius,  for  instance) 
is  of  opinion  that  the  elements  of  organic  substances  do  not  fonn 
binary  compounds  in  the  same  manner  as  the  constituents  of  inorganie 
bodies,  (Page  375),  but  are  united  indiscriminately  with  one  another* 
Thus  alcohol,  which  consists  of  three  equivalents  of  hydrogen,  one  of 
oxygen,  and  two  of  carbon,  is  supposed  by  that  chemist  to  consist  of 
all  these  six  equivalents,  combined  directly  with  each  other,  the  oiy* 

fen  belonging  as  much  to  the  carbon  as  to  the  hydrogen.  (Annals of 
'hilosophy,  vol.  iv.)  This  opinion,  however,  is  not  universally  adopted. 
Gay-LusaaCjfoi  \i\slance,  regards  alcohol  as  a  compound  of  olefiaotgtf 
and  water,  a  view  Yi)tt\e\v\a  tv^ciV  wA^  \vvsfc&kft^  V^^^  the  number  of  eqffl^ 

aleDts  contained  lu  OaaA.  co\u^q\«v^,  \roX.^\v\0«v^ '«v%\^i.wsRKcvvh»^ 
monizes    witli   vYie  coti"i\Mvx\AOTv  oS.  oiCwsx  \i^^^%  X^^vvrx  "^sas^'^ssi.'S 
Berzelius.     It  may,tVie\fetoxe,  \i^%.^tu\V\«i^'!L%  >^\^^'?ic\^^'^saa^ 
ments  of  organic  aubsUiitea  ^^^  ^\\^vi^^^\\^  ^«sKi^^x\sKss»!».. 
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Organic  substances  owing  to  the  CDergetic  affinities  with  which 
their  elements  are  endowed,  are  very  prone  to  spontaneous  decom- 
position. The  prevailiug  tendency  of  carbon  and  hydrogen  is  to 
appropriate  to  themselves  so  much  oxygen  as  shall  convert  them  into 
carbonic  acid  and  water ;  and  hence,  in  whatever  maouer  these  three 
elements  may  be  mutually  combined  in  a  vegetable  substance,  they 
are  always  disposed  to  resolve  themselves  into  the  compounds  just 
mentioned.  If  at  the  time  this  change  occurs  there  is  an  insufficient 
supply  of  oxygen  to  oxidize  the  hydrogen  and  carbon  completely, 
then  in  addition  to  carbonic  acid  and  water,  carbonic  oxide  and  car- 
buretted  hydrogen  gases  will  probably  be  generated.  One  or  both 
of  these  combustible  products  must  in  every  case  be  formed,  except 
when  oxygen  is  freely  supplied  from  extraneous  sources ;  because 
organic  bodies  are  so  constituted,  that  their  oxygen  is  never  in  suffi- 
cient quantity  for  converting  the  carbon  into  carbonic  acid,  and  the 
hydrogen  into  water. 

If  substances  composed  of  oxygen,  hydrogen,  and  carbon,  are  liable 
to  spontaneous  decomposition,  that  tendency  becomes  much  stronger, 
when,  in  addition  to  these  elements,  nitrogen  is  annexed.  Other  and 
powerful  affinities  are  then  superadded  to  those  above  enumerated, 
and  especially  that  of  hydrogen  for  nitrogen.  A  body  which  contains 
these  principles  is  peculiarly  liable  to  change,  and  the  usual  products 
are  water,  carbonic  acid,  and  ammonia,  the  two  latter,  having  a  strong 
attraction  for  each  other,  being  always  in  combination. 

Another  circumstance  which  is  characteristic  of  organic  products  is 
the  impracticability  of  forming  them  artificially  by  direct  union  of  their 
elements.  Thus  no  chemist  has  hitherto  succeeded  in  causing  oxy- 
gen, hydrogen,  and  carbon  to  unite  directly  so  as  to  form  gum  or  sugar. 
when  these  principles  are  made  to  combine  by  chemical  means,  they 
ilways  give  rise  to  the  production  of  water  and  carbonic  acid. 

Animal  and  vegetable  substances  are  all  decomposed  by  a  red  hcat^ 
and  nearly  all  are  partially  affected  by  a  temperature  far  below  ignition. 
When  heated  in  the  open  air,  or  with  substances  which  yield  oxygen 
fieely*  they  burn,  and  are  converted  into  water  and  carbonic  acid;  but 
If  exposed  to  heat  in  vessels  from  which  atmospheric  air  is  excluded, 
TBiy  complicated  products  ensue.  A  compound,  consisting  of  carbon, 
hydrogen,  and  oxygen,  yields  water,  carbonic  acid,  carbonic  oxide, 
carburetted  hydrogen  of  various  kinds,  and  probably  pure  hydrogen. 
Besides  these  products,  some  acetic  acid  is  commonly  generated,  to- 
gether with  a  volatile  oil  which  has  a  dark  colour  and  burnt  odour, 
and  is  hence  called  eropyreumatic  oil.  An  azotized  substance,  in  ad- 
dition to  these,  yields  ammonia,  cyanogen,  and  probably  free  nitrogen. 

From  the  foregoing  remarks,  it  appears  that  organic  products  are 
characterized  by  the  following  circumstances: — 1st,  by  being  com- 

Sosed  of  the  same  elements;  2d,  by  the  facility  with  which  they  un- 
ergo  spontaneous  decomposition ;  3d,  by  the  impracticability  of  form- 
ing them  by  the  direct  union  of  their  principles ;  and,  4th,  by  being 
decomposed  at  a  red  heat. 

Vegetable  Chemistry. 

All  bodies  which  are  of  vegetable  origin  are  termed  vegetable  sub- 

stances.     They  are  nearly  all  composed  of  oxygen,  hydro^e^^,  mA  «»- 

boD,  and  in  a  few  of  them  nitroeen  is  likewise  vtoaenV.   1£.nw3  ^v^;\\l'^^. 

compound  which  exists  ready  formed  in  p\anU,  \«  c«\\fc^  ^  -pToxuiioXe. 

or  imunediate  principle  of  vegetables.    Thus  ft^x^ait ,  %\«icXi>  ««^^ ^"^ 

mn  proximate  ptiaciplea.     Opium ,  though  obUmed  ^to\ii  ^  \^aSiX A^  ^ 
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'  a  preximtte  principle ;  but  eontliti  of  several  pioziiiitte  piineipka, 
mixed  more  or  leu  intimately  with  one  another. 

The  proximate  prlDciples  of  vegetable!  are  eometimea  distribated    ( 
over  the  whole  plant,  while  at  others  they  are  confined  to  a  particabt 
part.    The  methods  by  which  they  are  procured  are  veiy  variable. 
Thus  gum  exudes  spontaneously,  and  the  saccharine  juice  of  the  miple 
tree  is  obtained  by  incisions  made  in  the  bark.    In  some  cases  a  p•^ 
ticular  principle  is  mixed  with  such  a  variety  of  others,  that  a  distiDet 
process  is  required  for  its  separation.    Of  such  processes  consists  the 
proximate  analysts  of  vegetables.    Sometimes  a  sul»tance  is  senh 
rated  by  mechanical  means,  as  in  the  preparation  of  starch.    On  other 
occasions,  advantage  is  taken  of  the  volatility  of  a  compound,  or  of  its     « 
solubility  in  some  particular  menstruum.     Whatever  method  is  em-     < 
ployed,  it  should  be  of  such  a  nature  as  to  occasion  no  change  in  tbe 
composition  of  the  body  to  be  prepared. 

The  reduction  of  the  proximate  principles  Into  their  simplest  parts, 
constitutes  their  ultimate  analyM.  By  this  means  chemists  ascertain 
the  quantity  of  oxygen,  carbon,  and  hydregen,  present  in  aoy  com- 

Sound.  Hie  former  method  of  performing  this  operation  was  by  what 
\  termed  deairueiioe  diatiUation ;  that  is,  by  exposing  theeompooods 
to  a  red  heat  in  close  vessels,  and  collecting  all  the  prodocts.  So 
many  different  substances,  however,  are  procured  in  this  way,  sodi 
as  water,  carbonic  acid,  carbonic  oxide,  carburetted  hydrogen,  and  tbe 
like,  that  it  is  almost  impossible  to  arrive  at  a  satisfactoiy  conclusion. 
A  more  simple  and  effectual  method  was  proposed  by  Gay-Lussae  and 
Ttienard,  in  the  second  volume  of  their  celebrated  Hecherehes  Phtf' 
gico-Chimiques.  The  object  of  their  process,  which  is  applicable  to 
tbe  ultimate  analysis  of  animal,  as  well  as  vegetable  substances,  is  to 
convert  the  whole  of  the  carbon  into  carbonic  acid,  and  the  hydrogen 
into  water,  by  means  of  come  compound  which  contains  oxygen  in  so 
loose  a  state  nf  combination,  as  to  give  it  up  to  those  elements  at  a 
red  heat. 

The  agent  first  employed  by  these  chamists  was  chlorate  of  potassa. 
This  substance,  however,  is  liable  to  the  objection  that  it  not  only 
^vctf  oxygen  to  the  substance  to  be  analyzed,  but  is  itself  decom- 
posed by  heat.  On  this  account  it  is  now  very  rarely  employed  io 
ultimate  analysis,  the  peroxide  of  copper,  likewise  proposed  by  Gay- 
Lussac  and  Thenard,  having  been  substituted  for  it.  This  oxide,  if 
alone,  may  be  healed  to  -vhiteness  without  parting  with  oxygen ; 
whereas  it  yields  oxygen  readily  to  any  combustible  substance  with 
which  it  is  ignited.  It  is  easy,  therefore,  by  weighing  it  before  and 
after  the  analysis,  to  discover  the  precise  quantity  of  oxygen  which 
has  entered  into  union  with  the  carbon  and  hydrogen  of  the  sub- 
stance submitted  to  examination. 

The  ultimate  analysis  of  organic  bodies  is  one  of  the  most  delicate 
operations  with  which  the  analytical  chemist  can  be  engaged.    The 
chief  cause  of  uncertainty  in  the  process  arises  from  the  presence  of 
moisture,  which  is  retained  by  some  animal  and  vegetable  substancei 
with  such  force  that  it  can  be  expelled  only  by  a  temperature  which 
endangers  the  decomposition  of  the  compound  itself.      The  best 
mode  of  drying  organic  matters  for  the  purpose,  is  by  confining  them 
with  sulphuric  acid  under  the  exhausted  receiver  of  an  air-pump,  and 
exposing  them  at  \.V\e  aam^  v.\m«  lo  a  temperature  of  212°  F, — a  me- 
thod   adopted  by  BerLe\\\\a,%ii^lQ\'«\v\^^Ti«aX.v^^'vc^v.\Mhas  t>eai 
described  by  Dr  ProMl.  VKiv\«\%  ol  '^V^^^V"^*  ^^^^^  ^>~  ^^  ikl>\ 
Another  source  of  d\mcu\ly  *\s  occ^\^xi^^\^^  >Nm'««Jw*^^^  ^>x  ^^^ 
Oie  apparatus,  owing  loXh^vt*^^^'^^^^^^^^^^^^^^^^^^^ 
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tected  in  the  products,  without  having  beeo  contained  in  the  sub- 
etuice  analysed. 

Bat  though  the  ultimate  analy8i»  of  organic  substancee  is  difficult 
io  practice,  in  theory  it  it  exceedingly  simple.  It  consists  in  mixing 
three  or  four  mins  of  the  body  to  be  analyzed  with  about  two-bun- 
died  grains  ofthe  peroxide  of  copper,  heating  the  mixture  to  redness  in 
a  glass  tube,  and  collecting  the  gaseous  products  in  a  graduated  glass 
jar  over  mercury.  From  Uie  quantity  of  carbonic  acid  procured  by 
measure,  its  weight  may  readily  be  inferred;  (page  173)  ;  and  from 
this,  the  quantity  of  carbonaceous  matter  is  calculated,  by  recollect- 
ing that  every  22  grains  of  the  acid  contain  16  of  oxygen  and  6  of 
carbon. 

In  order  to  ascertain  the  quantity  of  hydrogen,  the  gaseous  pro- 
ducts are  transmitted  through  a  tube  filled  with  fragments  of  fused 
chloride  of  calcium,  which  absorbs  all  the  watery  vapour ;  and  by  its 
increase  in  weight  indicates  the  precise  quantity  of  that  fluid  generat- 
ed. Every  9  grains  of  water  thus  collected  correspond  to  1  grain  of 
hydrogen  and  8  of  oxygen. 

If  the  quantity  of  oxygen  contained  in  the  carbonic  acid  and  water 
corresponds  precisely  to  that  lost  by  the  oxide  of  copper,  it  follows 
that  the  organic  sul^tance  itself  was  free  from  oxygen.  But  if,  on 
the  other  hand,  more  oxygen  exists  in  the  products  than  was  lost  by 
the  copper,  it  is  obvious  that  the  difference  indicates  the  amount  of 
ozyeen  contained  in  the  subject  of  analysis. 

Ifnitrogen  enters  into  the  constitution  of  the  organic  substance,  it 
will  pass  over  in  the  gaseous  state,  mixed  with  carbonic  acid.  Its 
quantity  may  be  ascertained  by  removing  the  carbonic  acid  by  means 
of  a  solution  of  pure  potassa. 

It  need  scarcely  be  observed,  that  if  the  analysis  has  been  success- 
fully performed,  the  weight  of  the  different  products,  added  together, 
should  make  up  the  exact  weight  of  the  organic  substance  employed* 

In  analyzing  an  animal  or  vegetable  fluid,  the  foregoing  process 
will  require  a  slight  modification.  If  the  fluid  is  of  a  fixed  nature,  it 
may  be  made  into  a  paste  with  the  oxide  of  copper,  and  heated  in  thn 
usual  manner.  But  if  it  is  volatile,  a  given  weight  of  its  vapour  is 
conducted  over  the  peroxide  of  copper  heated  to  redness  in  a  glass 
tube. 

The  constitution  of  vegetable  substances  is  not  yet  sufficiently 
known  to  admit  of  their  being  classified  in  a  purely  scientific  order. 
The  chief  data  hitherto  furnished  towards  forming  a  systematic  arrange- 
ment, are  derived  from  a  remarkable  agreement  between  the  composi- 
tion and  general  properties  of  several  vegetable  compounds,  first 
noticed  by  Gay-Lussac  and  Thenard.  (Recherches,  vol.  ii.)    From 
tlie  ultimate  analysis  of  a  considerable  variety  of  proximate  princi- 
ples, these  chemists  draw  the  three  following  conclusions : — 1st,  A 
vegetable  substance  is  always  acid,  when  it  contains  more  than  a 
sufficient  quantity  of  oxygen  for  converting  all  its  hydrogen  into 
water ;  2d1y,  It  is  always  resinous,  oily,  or  alcoholic,  &c.  when  it 
contains  less  than  a  sufficient  quantity  of  oxygen  for  combining  with 
the  hydrogen  ;  and  Sdly,  it  is  neither  acid  nor  resinous,  but  in  a  state 
analogous  to  sugar,  gum,  starch,  or  the  woody  fibre,  when  the  oxy- 
gen and  hydrogen,  which  it  contains,  are  in  the  exact.  i^to'^^xVx^Ti  \»^ 
loTmiDg  water.    These  laws,  indeed ,  are  nol  ng;vd\^  eiL^cX)  iv^t  ^^  ^^^ 
toelude  the  vegetable  products  containing  mlTOg^eii  \\»3X  fei  ^^»X^\^ 
better  priDciple  of  claaslAcation,  I  shall  foWow  M.  lYieoax^'m  ^^^^'^^ 
bom,  to  a  certala  extent,  the  basis  of  my  atiaLUtemenX..    \  ^"^  ^^ 
trdla^y  anange  the  proximate  principles  oC  pVwiUVii^N^  ^ynX^xcs? 
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Tha  tot  iDcladM  <he  irafttable  tddt;  lh»  •Mmd  th*  vmhWi 

s£liet:  the  third  eonmilfa*  thoM  lolMtaaMS  wfaUh  contalB  u  «> 
CM  of  hydrogen ;  th^fiMtfth  IndudM  diOM,  tfMttjnnaN  ^9*1- 
nn  of  which  m  in  proportion  for  foradng  water;  and  the  fifth  ei» 
mhendt  thoM  bodies  whlch»  ao  (ar  as  Is  known,  do  not  biloii  H 
either  of  the  other  divisions. 


SECTION  I. 

VEGETABLE  JtCIDS. 

Those  compounds  are  regarded  as  TegetaUo  adds  whkfa  poHW 
the  properties  of  an  acid,  and  are  derived  from  the  vegetable  kiMdon. 
These  acids»  like  all  organic  principles,  are  deeompoeed  by  a  nMMit 
They  are  in  general  less  liable  to  spontaneooa  deeomporftlQa  Una 
other  veMtaue  substances;  a  eireomstance  which  probaUy  mSm 
from  the  large  proportion  of  oxygen  whieh  they  contain,  ftsy  M 
nearly  all  decomposed  by  concentrated  hot  nitric  ncld,  fay  wUeh  (bef 
are  converted  into  carbonic  acid  and  water. 

Acetic  Add. 

The  acetic  acid  exists  ready  formed  in  the  sap  of  many  plants,  either 
free  or  combined  with  lime  or  potassa ;  it  is  generated  dwing  the 
destructive  distillation  of  vegetable  matter,  and  is  an  abundant  pio- 
duct  of  the  acetous  fermentatioo. 

Common  vinegar,  the  acidifying  principle  of  which  is  acetic  acid, 
is  commonly  prepared  in  this  country  ^y  fermentation  from  an  infiisioo 
of  malt,  and  in  France  from  the  same  process  taking  place  in  weik 
wine.    Vinegar,  thus  obtained,  is  a  very  impure  acetic  acid,  contain- 
ing the  saccharine,  mucilaginous,  and  other  matters,  existing  in  the 
fluid  from  which  it  is  prepared.    It  is  separated  from  these  imparities 
by  distillation.    Distilled  vinegar  was  formerly  called  acetous  add, 
on  the  supposition  of  its  di£fering  chemically  from  strong  acetic  add; 
but  it  is  now  admitted  that  distilled  vintgar  is  real  acetic  acid  merely 
diluted  with  water,  and  commonly  containing  a  small  portion  of  en* 
pyreumatic  oil,  formed  during  the  distillation,  and  from  which  it  re- 
ceives a  peculiar  flavour.    It  may  be  rendered  stronger  by  exposure 
to  cold,  when  a  considerable  part  of  the  water  is  frozen,  while  the  icid 
remains  liquid. 

The  distilled  vinegar,  which  is  now  generally  employed  for  cbemieil 
purposes,  is  prepared  by  the  distillation  of  wood;  and  is  sold  under  the 
name  of  pyroligneoua  add.  When  first  made  it  is  very  impure,  and 
of  a  dark  colour,  holding  in  solution  tar  and  volatile  oil ;  but  it  mtj 
be  purified,  at  least  in  part,  by  digestion  with  animal  charcoal  and  • 
second  distillation,  or  by  filtration  through  animal  charcoal.  The 
method  employed  for  purifying  it  at  Glasgow,  where  it  is  made  in 
large  quantity,  has  not  to  my  knowledge  been  made  public 

Concentrated  acetic  acid  is  best  obtained  by  decomposing  the  see- 
tales,  either  by  sulphuric  acid,  or  in  some  instances  by  heat.    A  coB- 
venient  process  la  to  d\8d\  aL<i«l«\«  ol  ^Q\»a««.  NqVCokbidC  iu  welgbt  of 
concentrated  aulpbunc  sicvd,  \he  i«c\^\«eX  ^^^"0^%  \k^\  «u^^\\  '^ 
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ieation  of  ice.    The  acid  is  at  first  contamiDated  with  sulphurous 

;  but  by  mixing  it  with  a  little  peroxide  of  mangaoeset  aud  re- 

jL'ng,  it  is  reodered  quite  pure.    A  strong  acid  may  likewise  be 

ured  from  the  binacetate  of  copper  by  the  sole  action  of  heat. 

acid  when  first  collected  has  a  greenish  tint,  owing  to  the  pre- 

;e  of  copper,  from  which  it  is  freed  by  a  second  distillation.    The 

dty  of  the  product  varies  from  1.056  to  1.08,  the  lightest  acid 

g   procured  towards  the  end  of  the  process.    MM.  Derosnes, 

ted,  have  remarked  that  the  liquid  which  passes  over  towards  the 

of  the  process  is  lighter  than  water,  and  contains  very  little  acetic 

.     On  neutralizing  the  latter  with  pure  solid  potassa,  and  distilling 

I  gentle  heat,  they  procured  an  etnereal  fluid,  to  which  they  ap- 

d  the  term  of  pyro-acetic  ether, 

trong  acetic  acid  is  exceedingly  pungent,  and  even  raises  a  blister 
in  kept  for  some  time  in  contact  with  the  skin.  It  has  a  very  sour 
e  and  an  agreeable  refreshing  odour.  Its  acidity  is  well  marked, 
t  reddens  litmus  paper  powerfully,  and  forms  neutral  salts  with  the 
ilies.  It  is  exceedingly  y)Iatile,  rising  rapidly  in  vapour  at  a  ,mo- 
ite  temperature  without  undergoing  any  change.  Its  vapour  is 
immable,  and  burns  with  a  white  light.  In  its  most  concentrated 
1,  it  is  a  definite  compound  oi  one  equivalent  of  water,  and  one 
ivalent  of  acid ;  and  in  this  state  it  crystallizes  when  exposed  to  a 
temperature,  retaining  its  solidity  until  the  thermometer  rises  to 
F.  It  is  decomposed  by  being  passed  through  red-hot  tubes ;  but 
ng  to  its  volatility,  a  large  quantity  of  it  escapes  decomposition. 
h  Prout*  has  established  the  singular  fact,  relative  to  the  consti- 
on  of  this  acid,  that  its  oxygen  and  hydrogen  are  in  exact  propor- 
1  to  form  watert*  and  that  it  contains  47.05  per  cent  of  carbon.  It 
whence  be  inferred  to  consist  of  24  parts  or  four  equivalents  of  car- 
,  24  parts  or  three  equivalents  of  oxygen,  and  3  of  hydrogen. 
8  would  make  the  combining  proportion  of  acetic  acid  51,  instead 
K)  as  stated  by  Dr  Thomson. 

*he  only  correct  mode  of  estimating  the  strength  of  acetic  acid  is 
its  neutralizing  power.  Its  specific  gravity  is  no  criterion,  as  will 
ear  from  the  following  table.  (Thomson's  First  Principles,  vol.  it 
35.) 

ible  exhibiting  the  Density  of  Acetic  Acid  of  different  Strengths. 


Acid. 

Water. 

Sp. 

gr.  at  60°  F. 

1  atom  +    1  atom 

1.06296 

1+2 

1.07060 

1 

h    3 

1.07084 

X           - 

-     4    ■ 

1.07132 

1 

-    5 

1.06820 

i 

-    6 

1.06708 

1 

-    7 

1.06349 

\ 

-    8 

1.05974 

* 

-     9 

1.05794 

^           ** 

-  10 

a          *       •                  Q 

1.05439 

'  Philosophical  Transactions  for  1827,  p.  355. 
*  Gay-Lussac  and  Tbenard  established  this  fact  as  nearly  as  possible, 
their  analysis  of  acetic  acid,  reported  in  their  Recherchea  Physico- 
imiques.    The  proportions  of  oxygen  and  hydto^^^ii  yi\v\c^^  ^«^ 
tained  are  very  nearly  in  the  ratio  to  form  walet.    \\.  \s  Vtvi^  ^"^ 
mard  in  pis  TraitS  gives  the  oxygen  as  U  m  ex.e«sa  \  V^^iV.  ^v^  «\»X^* 
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Ite  aMtle  !•  diftiflffoMMd  ft«m  to  oflM  Midi  Iqr  to  fbvow.  tdM^ 
^folttttUj.  Ill  iSt^  wWch  «•  €riW  •«litti.  ««  ■»  joWUite 
iMt  nd  mort  of  them  In  cold  wttor,  m  dutoujed  bj  t  H0i  tiBp»« 
ilM«,  and  are  decoMpewd  by  Mriphnrfe  acid. 

j^etace  of  PtftaiM.— Thle  mH  to  made  by  nentiallsfaic  euboMtorf 
potaMa  with  aeetie  add,  or  by  decomporiof^  acetate  of  HmewilbHlii 
S^te  of  potawa^  Wbeo  eantiooaly  evapoiated.  It  foniM  tnegriu  ei^ 
lato,  which  are  obtrioed  with  difficulty,  owfaig  to  the  ddiqneMiC  p»* 
nerty  of  the  fait  AeeofdloK  to  Dr  Thomaoo,  the  ciyetala  are  eonpoNl 
of  ODO  equlTalent  of  the  oeutral  acetate  of  potaaaa,  and  two  eqmMl 
of  ifater*  It  If  commonly  prepared  for  pharmaceotic  porpoeef  by  cNk 
poiating  the  aohitlon  to  diyoetf ,  and  heating  the  reeldfie'ao  if  It  CM» 
the  igoeoof  fuf ion.  On  cooling  it  beeomea  a  white  cfyitalHne  MMl 
maif,  which  to  generally  alkaline. 

Thto  fait  to  htohly  fohible  Ui  water»  and  imiiilrei  twice  Ifi  wi^if 
bomngaleohol  for  folation. 

DrThomfon  procured  a  binacetate  by  mfaring  aeetle  neU  flrf  CMV 
bonate  of  potaaaa  In  the  proportion  of  two  eqidvalenta  of  the  kami- 
to  one  of  the  latter.  On  confining  the  adation  along  with  a^Mk 
eeld  mider  the  ezhaofted  receiver  of  an  alr-pnmp»  the  btaHHilB  wif 
deposited  in  hrge  transparent  flat  plates.  The  eryetak  cwhli  ril 
eqolTalento  of  water,  and  deliquesce  rapidly  on  expoeure  la  te  ih. 

Acetate  of  Soda  Is  prepared  in  large  quantity  by  manuhelmeii  <f 
pyroligoeous  acid  by  neutralizing  the  impure  acid  with  challc,  iDd 
then  decomposing  the  acetate  of  lime  by  sulphate  of  soda.  Itoys- 
tallizes  readily  by  gentle  evaporation,  and  its  crystals,  which  ire  not 
deliquescent,  are  composed  of  50  parts  or  one  equivalent  of  icetie 
acid,  82  parts  or  one  equivalent  of  soda,  and  54  parts  or  six  eqairalents 
of  water.  (Berzeltus  and  Thomson.)  The  form  of  its  crystals  ii  vsiy 
complicated,  and  derived  from  an  oblique  rhombic  prism.  (Broolu.) 
When  heated  to  SSO"*  F,  it  is  deprived  of  its  water,  and  unden^oes  die 
igneous  fusion  without  parting  with  any  of  its  acid.  At  dOO**  F.  do* 
composition  talces  place. 

Acetate  of  soda  is  much  employed  for  the  preparation  of  cooeei- 
trated  acetic  acid. 

Acetate  of  Ammonia  is  made  by  neutralizincr  the  common  caibo* 
nate  of  ammonia  with  acetic  acid.  It  crystallizes  with  difficulty  il 
consequence  of  being  deliquescent  and  highly  soluble.  It  has  lieeB 
long  used  in  medicine  as  a  febrifuge  under  the  name  of  spirit  qfMur 
dererus. 

The  acetates  of  baryta,  stroniia,  and  lime  are  of  little  importance. 
The  former,  which  is  occasionally  employed  as  a  reagent,  crystallizei 


employed  in  the  preparation  of  the  acetate  of  soda. 

Acetate  of  alumina  is  formed  by  adding  acetate  of  lead  to  salphetl 
of  alumina,  when  the  sulphate  of  lead  subsides  and  the  acetate  ef 
alumina  remains  in  solution.  It  is  used  by  Dyers  and  Calico>printeii 
as  a  basis  or  mordant. 

Jicetate  of  Lead. — This  salt,  long  known  by  the  names  of  stigarof 


moot  Is  evidcnrty  made  uv  \^  ^^^^"^?^''\^^^?l?^rv?^^^^w 
composition  of  w\ter,  wY^VcYj K.jjox  .v  j...-^^ 
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lead  (Mudbarum  Sahumi)  and  eenuaa  actiata^  is  mtde  by  dissolving 
either  carbonate  of  lead  or  litbarge  in  distilled  vin^ar.  Ybe  solution 
has  a  sweet,  succeeded  by  an  astringent  taste,  does  not  redden  litmus 
paper,  and  deposites  shining  acicular  crystals  by  evaporation.  When 
more  regularly  crystallized,  it  occurs  in  six-sided  prismatic  crystals, 
deavable  parallel  to  the  lateral  and  terminal  planes  of  a  right  rhom- 
bic prism,  which  may  be  regarded  as  its  primary  form.  (Mr  Brooke.) 
The  crystals  effloresce  slowly  by  exposure  to  the  air,  and  require 
about  four  times  tlieir  weight  of  water  at  60^  F.  for  solution.  They 
are  composed,  according  to  Berzelius  and  Thomson,  of  60  parts  or 
one  equivalent  of  the  acid,  112  parts  or  one  equivalent  of  the  protox- 
ide of  Jead,  and  27  parts  or  three  equivalents  of  water. 

The  acetate  of  lead  is  partially  decomposed,  with  formation  of  the 
carbonate  of  lead,  by  water  which  contains  carbonic  acid,  or  by  ex- 
posure to  the  air ;  but  a  slight  addition  of  acetic  acid  renders  the 
eolution  quite  clear. 

This  salt  is  much  used  in  the  arts,  in  medical  and  surgical  practice 
HB  a  sedative  and  astringent,  and  in  chemistry  as  a  reagent. 

The  Mubaeetate  of  lead,  commonly  called  extraetum  Satumi,  is 
prepared  by  boiling  one  part  of  the  neutral  acetate,  and  two  parts  of 
litbarge,  deprived  of  carbooic  acid  by  heat,  with  25  parts  of  water. 

This  salt  is  less  sweet  and  less  soluble  in  water  than  the  neutral 
aeetate,  has  an  alkaline  reaction,  and  crystallizes  in  white  plates  by 
evaporation.  It  is  decomposed  by  a  current  of  carbonic  acid,  witti 
production  of  pure  carbonate  of  lead;  and  forms  a  turbid  solution, 
owinf  to  the  formation  of  a  carbonate,  when  it  is  mixed  with  water 
in  which  carbonic  acid  is  present.  It  appears,  from  the  analysis  of 
Berzelius,  to  consist  of  one  equivalent  of  acid  and  three  equivalents 
of  the  oxide  of  lead,  and  is,  therefore,  a  trisaeetate. 

A  diaeetate  may  likewise  be  formed  by  boiling  with  water  a  mix- 
tare  of  litharge  and  acetate  of  lead  in  atomic  proportion.  (Thomson.) 

JSeetaU  of  Copper. — The  pigment  called  verdigris,  which  is  an 
Impure  acetate  ofthe  peroxide  of  copper,  may  be  formed  by  exposing 
metallic  copper  to  the  vapour  of  vinegar,  when  the  metal  gradually 
absorbs  oxygen  from  the  atmosphere,  and  then  unites  with  the  acid. 
It  is  prepared  in  large  quantity  in  the  south  of  France  by  covering 
copper  plates  with  the  refuse  of  the  grape,  after  the  juice  has  been 
extracted  for  making  wine.  The  saccharine  matter  contained  in  the 
hoiks  furnishes  acetic  acid  by  fermentation,  and  in  four  or  six  weeks 
(heplates  acquire  a  coating  of  the  acetate. 

verdigris  is  commonly  of  a  pale  green,  but  sometimes  of  a  blue 
colour.  Its  essential  constituent  is  an  acetate  of  copper,  composed, 
according  to  Mr  Phillips*,  of  80  parts  or  one  equivalent  of  the  perox- 
ide of  copper,  50  parts  or  one  equivalent  of  acetic  acid,  and  six  equi- 
valents of  water.  This  compound  is  decomposed  by  water,  and  is 
converted  into  an  insoluble  green  diaeetate,  and  into  a  soluble 
binaeetate  of  copper.  The  first,  as  its  name  implies,  consists  of  one 
equivalent  of  acid  and  two  equivalents  of  the  oxide.  The  binaeetate 
crystallizes  readily  in  rhombic  octahedrons  of  a  green  colour,  and  is 
soluble  in  twenty  times  its  weight  of  cold,  and  five  of  boiling  water 
It  is  conveniently  prepared  by  dissolving  verdigris  in  distilled  vinegar, 
and  evaporating  the  solution.  The  crystals  consist  of  two  equivalents 
of  acid  and  one  equivalent  ofthe  peroxide  of  copper,  combined^afifin^. 

*  AaoalB  of  Philoiophy,  N.S.  vo\.  V.  Vi.  m^  Vi 
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\ng  to  Mr  Pliillipi,  with  three,  and,  according  to  BeneUos  and  Jk 
Ure,  with  two  equivalents  of  water. 

Besides  these  compounds,  Berzelius  has  described  three  other  see*  ( 
lates  of  copper ;  but  as  they  are  of  little  importance,  I  refer  the  reida 
to  the  original  paper  on  the  subject.  (Annals  of  Philosophy,  N.  S. 

Yol.  yiii.) 

Acetate  of  Zinc. — This  salt  may  be  prepared  by  way  of  double  da- 
composition,  by  mixioK  sulphate  of  zinc  with  acetate  of  lead  in  eqo* 
valent  proportions.  When  made  in  this  way,  it  is  very  apt  to  raUii 
some  sulphate  of  lead  in  solution.  The  best  mode  of  obtainiogit 
quite  pure,  is  by  suspending  metallic  zinc  in  a  dilute  solution  of  (be  ace- 
tate of  lead,  until  all  the  lead  is  removed.  (  Page  364. )  This  Is  koowD 
to  be  accomplished  by  the  addition  of  sulphuretted  hydrogen,  whiefa 
then  occasions  a  pure  white  precipitate.  This  salt  is  frequently  ob* 
ployed  an  an  astringent  collyrium. 

Acetate  of  Mercury. — The  only  interesting  compound  of  mereny 
and  acetic  acid  is  the  acetate  of  the  protoxide,  which  is  sometimes 
employcil  in  the  practice  of  medicine.  It  is  prepared  by  miiiog  csji- 
tallized  protonitrate  of  mercury  with  neutral  acetate  of  potasM  m  tlie 
ratio  of  one  equivalent  of  each.  (See  the  table  of  atomic  weighii.) 
If  both  salts  are  dissolved  in  a  considerable  quantity  of  hot  irater,  the 
solutions  retain  their  transparency  after  being  mixed ;  but  on  cooling, 
the  protacetate  of  mercury  is  deposited  in  white  scales  of  i  sill^ 
lustre.  It  is  easily  decomposed;  and  it  should  be  dried  by  a  very 
gentle  heat,  and  washed  with  cold  water  slightly  acidulated  with 
acetic  acid. 

Oxalic  Add. 

Oxalic  acid  exists  ready  formed  in  several  plants,  especially  in  the 
rumex  acctosa  or  common  sorrel,  and  in  the  oxalis  aceto sella  oi^oo^ 
sorrel;  but  it  almost  always  occurs  in  combination  either  with  lime  or 
potassa.  These  plants  contain  the  binovalate  of  potassa ;  and  the  oxa- 
late of  lime  has  been  found  in  large  quantity  by  M.  Braconnot  in  seve* 
ral  species  of  lichen. 

Oxalic  acid  is  easily  made  artificially  by  digesting  sugar  in  five  oi 
six  times  its  weight  of  nitric  acid,  and  expelling  the  excess  of  tbit 
acid  by  distillation,  until  a  fluid  of  the  consistence  of  syrup  remaiu 
in  the  retort.  The  residue  in  cooling  yields  crystals  of  oxalic  acid, 
the  weight  of  which  amounts  to  rather  more  than  half  the  quantity  of 
the  sugar  employed.  They  should  be  puriticd  by  solution  in  pure  water, 
and  recrystallization.  In  this  process,  changes  of  a  very  complicated 
nature  ensue,  during  which  a  portion  of  nitric  acid  is  resolved,  chief^ 
into  oxygen  and  dcutoxide  of  nitrogen,  while  the  sugar  is  converted, 
with  formation  of  carbonic  acid  and  water,  into  oxalic  acid.  A  smaO 
quantity  of  malic  and  acetic  acids  are  generated  at  the  same  time- 
As  oxalic  acid  does  not  contain  any  hydrogen,  and  has  a  smaller  pro* 
portional  quantity  of  carbon  than  sugar,  there  can  be  no  doubt  that 
the  production  of  this  acid  essentially  depends  upon  the  sugar  beiog 
deprived  of  all  its  hydrogen  and  a  portion  of  its  carbon,  by  oxygen  de* 
rived  from  the  nitric  acid. 

Many  organic  substances  besides  sugar,  such  as  starch,  gum,  most 
of  the  vegetable  acids,  wool,  haic,  and  silk,  are  converted  into  oxalic 
by  the  action  of  nitric  acid ; — a  circumstance  which  is  explicable  on 
the  fact,  that  oxalic  acid  contains  more  oxygen  than  any  other  prin- 
ciple, whether  of  an\m^\  ot  vegetable  origin. 
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Oxtlie  tcid  crystallizes  in  slender,  flattened,  four  and  six-sided 
prisms,  terminated  by  two-sided  summits ;  but  their  primary  form  is 
lo  oblique  rhombic  prism.  It  has  an  exceedingly  sour  taste,  reddens 
itmus  paper  strongly,  and  forms  neutral  salts  with  alkalies.  The  crys- 
tiJs  effloresce  on  exposure  to  the  air,  but  undergo  no  other  change. 
Fhey  are  soluble  in  twice  their  weight  of  cold  and  in  their  own  weight 
»f  boiling  water.  They  are  dissolved  also  by  alcohol,  though  less 
freely  than  in  water.  They  contain  half  their  weight  of  water  of  crys- 
tellization,  part  of  which  only,  amounting  to  about  28  per  cent,  can 
be  expelled  by  beat  without  decomposing  the  acid  itself. 

The  atomic  weight  of  oxalic  acid,  as  determined  by  Dr  Thomson,  Is 
precisely  86;  and  the  crystals  consist  of  36  parts  or  one  equivalent 
Df  real  acid,  and  86  parts  or  four  equivalents  of  water.  (First  Princi- 
ples, vol.  ii*.)  It  differs  in  composition  from  all  other  vegetable  acids 
m  containing  no  hydrogen,  the  absence  of  which  seems  fully  estab- 
Hthed  by  the  analyses  of  Berzelius,  Thomson,  and  Ure.  From  the 
researches  of  these  chemists,  oxalic  acid  is  composed  of  one  part  of 
carbon  and  two  parts  of  oxygen  ;  but  since  its  equivalent  is  36,  it  must 
be  regarded  as  a  compound  of 

Carbon  *         12     or  two  equivalents. 

Oxygen  •        24     or  three  equivalents. 

36 
It  is,  therefore,  Intermediate  between  carbonic  oxide  and  carbonic 
acid,  and  may  even  be  supposed  to  consist  of 

Carbonic  oxide  .  14    or  one  equivalent. 

Carbonic  acid  .  22    or  one  equivalent. 

36 

Consistently  with  this  view,  Doberelner  found  that  oxalic  acid  is 
converted  into  carbonic  acid  and  carbonic  oxide  by  the  action  of  a 
very  large  excess  of  fuming  sulphuric  acid.  (An.  de  Ch.  et  de  Ph. 
vol.  six.)  The  experiment  succeeds  even  with  the  common  oil  of 
vitriol  of  commerce. 

Oxalic  acid  is  one  of  the  most  powerful  and  rapidly  fatal  poisons 
which  we  possess ;  and  frequent  accidents  have  occurred  from  its  be- 
log  sold  and  taken  by  mistake  for  Epsom  salts,  with  the  appear- 
ance of  which  its  crystals  have  some  resemblance.  These  substances 
may  be  easily  distinguished,  however,  by  the  strong  acidity  of  oxalic 
acid,  which  may  be  tasted  without  danger,  while  the  sulphate  of 
magnesia  is  quite  neutral  and  has  a  bitter  saline  taste.  The  expert- 
ments  of  Drs  Christison  and  Coindet  have  demonstrated  that  chalk 
aod  magnesia  are  certain  antidotes  to  poisoning  by  oxalic  acid,  in  con- 
sequence of  forming  with  it  insoluble  and  inert  compounds.  (Edin- 
burgh Medical  and  Surgical  Journal  for  1823.) 

Oxalic  acid  is  easily  distinguished  from  all  other  acids  by  the  form 
of  Its  crystals,  and  by  its  solution  giving  with  lime-water  a  white  pre- 
cipitate, which  is  insoluble  in  an  excess  of  the  acid. 


*  I  have  reason  to  believe  the  composition  of  crystallized  oxalic 
add,  as  stated  in  the  text  on  the  authority  of  Dr  Thomson,'to  be  in- 
exact. Dr  Prout  assures  me  of  his  conviction,  arising  from  repeated 
experiment,  that  the  crystals  consist  of  36  parts  or  one  equivalent  of 
real  acid,  and  only  27  parts  or  three  equivalents  of  water.  This  pro- 
portion coincides  with  that  observed  by  BerzeU\iB,v}Yio  towu^^^  ct^v 
tals  of  oxalic  add  to  confaia  rather  more  than  42  i^ei  cq^hV  o\  nv^Vax. 
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The  nits  of  oxalic  add  are  termed  oxdIaUB,  Moit  of  these  com- 
poundi  are  either  insoluble  or  tpariogly  soluble  in  water  \  but  they  ve 
aU  dlssoWed  by  the  nitric,  and  also  by  muriatic  acid,  eicept  when  the 
latter  precipitates  the  bases  of  the  salts.  The  only  oxalates  which  in 
remarkable  for  solubility  are  those  of  potassa,  soda,  lithia,  ammomi, 
idumina,  and  iron. 

A  soluble  oxalate  is  easily  detected  by  adding  to  Its  solution  i 
neutral  salt  of  lime  or  lead,  when  a  white  oxalate  of  those  bases  wiB 
be  ti^rown  down.  On  digesting  the  precipitate  in  a  little  sulpborie 
acid,  an  insoluble  sulphate  is  formed,  and  the  solution  yields  ciystali 
of  oxalic  acid  on  cooling.  All  insoluble  oxalates,  the  bases  of  wfaiefa 
form  insoluble  compounds  with  sulphuric  acid,  may  be  decomposed 
in  a  similar  manner.  All  other  insoluble  oxalates  may  be  decompoS' 
ed  by  potassa,  by  which  means  a  soluble  oxalate  is  procured. 

Toe  oxalates,  like  all  salts  which  contain  a  vegetable  add,  ue 
decomposed  by  a  red  heat,  a  carbonate  being  left,  provided  the  oxide 
can  retain  carbonic  acid  at  the  temperature  which  is  employed.  As 
oxalic  acid  is  so  highly  oxidized,  its  salts  leave  no  charcMl  when 
heated  in  close  vessels. 

Several  oxalates  are  reduced  to  the  metallic  state,  with  eroJofioo  of 
pure  carbonic  acid,  when  heated  to  redness  in  close  vessels.  (Pages  < 
844  and  S45.)  The  peculiar  constitution  of  oxalic  acid  accounts  fo 
this  change ;  for  one  equivalent  of  the  acid,  to  be  converted  into  car- 
bonic acid,  requires  precisely  one  equivalent  of  oxygen,  which  is  the 
exact  quantity  contained  in  the  oxide  of  a  neutral  protoxalate. 

Oxalates  of  Potassa. — Oxalic  acid  forms  with  potassa  three  com- 
pounds, of  which  the  description  was  given,  and  the  composition  de- 
termined, in  the  year  1808,  by  Dr  Wollaston.  (Philos.  Trans,  for  1S08.) 
The  first  is  the  neutral  oxalate  which  is  formed  by  neutralizing  car* 
bonate  of  potassa  with  oxalic  acid.  It  crystallizes  in  oblique  quad- 
rangular prisms,  which  have  a  cooling  bitter  taste,  require  about  twice 
their  weight  of  water  at  60°  F.  for  solution,  and  contain  36  parts  ot 
one  equivalent  of  oxalic  acid,  48  parts  or  one  equivalent  of  potassa, 
and  one  equivalent  of  water.  This  salt  is  much  employed  as  a  reagent 
for  detecting  lime.  The  binoxalate  of  potassa  is  contained  in  sorrel, 
and  may  be  procured  from  that  plant  by  solution  and  crystallization. 
It  crystallizes  readily  in  small  rhomboids,  which  are  less  soluble  in 
water  than  the  neutral  oxalate.  It  is  often  sold  under  the  name  of 
essential  salt  of  lemons  for  removing  iron  moulds  from  linen ;— an 
effect  which  it  produces  by  one  equivalent  of  its  acid  uniting  with 
the  oxide  of  iron  and  forming  a  soluble  oxalate.  The  third  salt  con- 
tains twice  as  much  acid  as  the  preceding  compound,  and  has  hence 
received  the  name  of  quadroxalaie  of  potassa.  It  is  the  least  soluble 
of  these  salts,  and  is  formed  by  digesting  the  binoxalate  in  nitric  acid, 
by  which  it  is  deprived  of  one-half  of  its  base.-  It  is  composed  of 
four  equivalents  of  acid,  one  of  potassa,  and  seven  of  water. 

Oxalate  of  Soda,  which  may  be  made  in  the  same  manner  as  on- 
late  of  potassa,  is  very  rarely  employed,  and  is  of  little  importance.    It    ' 
likewise  forms  a  binoxalate,  but  no  quadroxalate  is  known. 

Oxalate  of  ammonia,  prepared  by  neutralizing  that  alkali  with  ox* 
alic  acid,  is  much  used  as  a  reagent.  It  is  very  soluble  in  hot  water, 
and  is  deposited  in  acicular  crystals  when  a  saturated  hot  solution 
is  allowed  to  cool.  The  crystals  contain  two  equivalents  of  water. 
pr  Thomson  has  likewise  described  a  binoxalate  of  ammonia,  which 
is  less  soluble  than  the  preceding  and  contains  three  equivalents  of 
Water. 

Oxalate  o/ Lime«—- T\i\a  a«\V,\^«i^^^\\a«A\^<Q^«iL^^\fti&^ is  easily 
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prepared  by  ^e  way  of  double  decomposition.  It  is  a  white  finely 
divided  powder,  which  is  remarlcable  for  its  extreme  insolubility  in  pure 
water.  On  this  account  a  soluble  oxalate  is  an  exceedingly  delicate 
test  for  Hme.  It  is  venr  soluble,  however,  in  muriatic  and  nitric 
acids.  It  is  composed  of  86  parts  or  one  equivalent  of  the  acid,,  and 
28  parts  or  one  equivalent  of  lime.  It  may  be  exposed  to  a  tempera- 
tare^of  560°  F.  without  decomposition,  and  is  then  quite  anhydrous. 
No  binoxalate  of  lime  is  known. 

This  salt  is  interesting  in  a  pathological  point  of  view,  because  it  is 
a  frequent  ingredient  of  urinary  concretions.  It  is  the  basis  of  what  is 
called  the  mulberry  ealeulus. 

Oxalate  of  Magnesia. — This  salt  may  be  prepared  by  mixing  oxa- 
late of  ammonia  with  a  hot  concentrated  solution  of  sulphate  of  mag- 
nesia. It  is  a  white  powder,  which  Is  very  sparingly  soluble  in  water ; 
but,  nevertheless,  when  the  sulphate  of  magnesia  is  moderately  dilut- 
ed with  cold  water,  the  oxalate  of  ammonia  occasions  no  precipitate. 
On  this  fact  is  founded  the  best  analytic  process  for  separating  lime 
from  magnesia. 

Tartaric  Acid. 

This  acid  exists  in  the  juice  of  several  acidulous  fruits,  but  it  is  al- 
most always  in  combination  with  lime  or  potassa.  It  is  prepared  by 
mixing  intimately  198  parts  or  one  equivalent  of  cream  of  tartar,  in  fine 
powder,  with  60  parts  or  one  equivalent  of  chalk,  and  throwing  the 
mixture  by  small  portions  at  a  time  into  ten  times  its  weight  of  boil- 
ing water.  On  each  addition  brisk  effervescence  ensues,  owing  to  the 
escape  of  carbonic  acid  ;  and  one  equivalent  of  the  insoluble  tartrate  of 
Ume  subsides,  while  one  equivalent  of  neutral  tartrate  of  potassa  is  held 
io  solution.  On  washing  the  former  with  water,  and  then  digestiag 
Ity  difiused  through  a  moderate  portion  of  water,  with  one  equivalent  of 
sulphuric  acid,  the  tartaric  acid  is  set  free ;  and  after  being  separated 
from  the  sulphate  of  lime  by  a  filter,  may  be  procured  by  evaporation 
in  prismatic  crystals,  the  primary  form  of  which  is  a  right  rhombic 
prism. 

Tartaric  acid  has  a  sour  taste,  which  is  very  agreeable  when  diluted 
with  water.  It  reddens  litmus  paper  strongly  and  forms  with  alkalies 
neutral  salts,  to  which  the  name  of  tartrates  is  applied.  It  requires 
five  or  six  times  its  weight  of  water  at  60°  for  solution,  and  is  much 
more  soluble  in  boiling  water.  It  is  dissolved  likewise,  though  less 
freely,  in  alcohol.  The  aqueous  solution  is  gradually  decomposed  by 
keeping,  and  a  similar  change  is  experienced  under  the  same  circum- 
stances by  most  of  the  tartrates.  The  crystals  may  be  exposed  to  the 
air  without  change.  They  are  converted  into  the  oxalic  bv  digestion 
In  nitric  acid.  When  heated  in  close  vessels,  it  fuses,  frotns  up,  and 
is  decomposed,  yielding,  in  addition  to  the  usual  products  of  destruc- 
tive distillation,  a  distinct  acid  to  which  the  name  of  pyrotartarie  acid 
Is  applied.     A  considerable  quantity  of  charcoal  remains. 

The  atomic  weight  of  tartaric  acid,  inferred  by  Dr  Thomson  from 
the  tartrates  of  potassa  and  lead,  is  66  ;  and  the  crystals,  which  cannot 
be  deprived  of  their  water  by  heat  without  decomposition,  consist  of 
66  parts  or  one  equivalent  of  acid,  and  one  equivalent  of  water.  Ac- 
cording to  the  analysis  of  Dr  Prout  and  Dr  Thomson,  which  agrees 
pretty  closely  with  that  of  Berzelius,  the  acid  itself  is  composed  of 
M  m 


Carbon 

• 

24 

Ozygeo 

• 

40 

Hyilrogea 

• 

2 
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or  four  eqiuftleatf. 
or  five  equivileDti. 
or  two  cquivilenti. 

66 

Tiruric  2cil  is  distinguished  from  other  acids  by  forming  a iHili 
preci^itite,  Ike  bitartrate  of  potassa,  when  mixed  with  any  oftheMili 
■:■:'  -ha*.  \'ii\\.  Th:j  acid,  therefore,  separates  potassa  from  every  oihef 
icA.  \\  occasions  a  white  precipitate  with  lime-water  which  ii toy 
-cl  :'-:Ie  in  An  «:sce.«i  of  the  aciii. 

Ti.-u.-'.c  dc.J  19  remarkable  for  its  tendency  to  form  double  ntai 
'.:.e  rrcpertic^  of  nhich  are  often  more  interesting  than  the  8iiD|ii 
'i!>.  The  most  important  of  these  double  salts,  and  the  only  ooei 
uh:i-h  rave  bet.n  much  studied,  are  the  tartrate  of  potassa  and  sodi) 
.:. :  '.r.e  u.-trite  cf  antimony  and  potassa.  The  neutral  taitrataof 
r..v  .i!%i.'ic«.  of  m.^zncsia,  and  copper,  are  soluble  in  water;  butmoit 
u:  :iic  urtr.r.i.'i  of  the  other  ba^cs,  and  especially  those  of  lime,bai;tii 
*::.:. ':j.  a::-!  lea  J.  arc  in<ohible.  All  these  neutral  tartrates, however, 
t\r.:i-b  i'L'  Uioolubic  in  puie  water,  are  soluble  in  an  excess  of  tbeir 
>c.  1.  Thtv  are  ilocomposcd  by  digestion  in  carbonate  of potis»,&ixi 
'.rh'M.  .Ill  acid  i!)  added  in  excess,  the  bitartrate  of  potassa  is  precipi- 
*  !!ei.  All  the  insoluble  tartrates  are  easily  procured  from  the  neubil 
'irtrato  of  putJ»«a  by  way  of  double  decomposition. 

T'trtraUn  of  Potassa. — The  neutral  tartrate,  frequently  called 
«  *'/''''.  tuitar^  is  formed  by  neutralizing  a  solution  of  the  bitartrate 
u.'.h  cjrbonite  of  polasjia;  and  it  is  a  product  of  the  operatioo above 
!(.  -'ViltMi  twT  xiiakinG;  tartaric  acid.  Its  primary  form  is  a  right  rfaom* 
'  .  I..'.!*  I  ii-in  ;  !.i;t  it  oticn  occurs  in  irregular  six-sided  prismswith 
'.\.v''.  i!  -i;ri.i:iii-!.  Il»  cly^lals  siro  very  soluble  in  water,  and  attract 
:;.  !-Mi:i-  i\|,,ii  rxposrd  Id  tbe  air.  They  consist  of  114  partsorone 
t;i:-,:\..lii:t  i^t  the  neulial  tartrate,  and  two  of  water.  They  are  ten- 
■1  .i-i  n'.:'.e  .M.IiVvlioiis  by  a  ltMn|ierature  not  exceeding  243'Fahr. 

Iji  tlic  tntinti(itt\  an  impure  foirii,  commonly  known  by  the  name 
t  t-ntar.  i^  iuiiii'l  i-ncrii«ted  on  the  sides  and  bottom  of  wine  ca.>k§, 
:  -  'iH'i-  :.i>ni  wliii'h  all  the  taitar  of  commerce  is  derived.  This  fall 
i\i*'.-  in  il.o  jiiicc  of  the  ^rape,  ami,  owing  to  its  insolubility  in  alco- 
li<*].  >  u  .1  iii.illy  (.lopO!*itC(i  duiins:  the  vinous  fermentatioD.  In  its 
i'ii:«I«'  ^M'l',  It  is  coloured  by  the  wine  from  which  it  was  procureil; 
:  \n  wiii-n  i  inilicii.  it  i^  quite  white,  and  in  this  state  constitutes  the 
cnum  ff  taitur  ol  the  <hops. 

1  he  bitartrate  of  potassa  is  very  sparingly  soluble  in  water,  requir- 
ing sixty  part4  of  cold  and  fourteen  of  boiling  water  for  solution,  and 
is  «lepo<ited  from  the  latter  on  cooling  in  small  crystalline  grains.  Il< 
crystals  are  commonly  irregular  six-sided  prisms,  terminated  at  each 
extremity  by  ?i\  surfaces;  and  its  primary  form  is  either  a  right  rect- 
angular, or  a  right  rhombic  prism.  It  has  a  sour  taste,  and  distinct 
^.cid  icnclion.  It  consists  uf  one  equivalent  of  potassa,  and  two  of 
the  ncii),  united  according  to  Berzelius  with  one,  and  according  to 
l)r  Tljofjjson  with  two  e(iuivalents  of  water.  Assuming  the  latter  to 
'o  cfHicct,  the  atomic  weight  of  the  bitartrate  is  li»8.  lis  water  of 
cj y-fijlii/.iiion  cannot  be  expelled  without  decomposing  the  salt  itself. 

rhi:  ijitartralo  ofpotassa  is  employed  in  the  formation  of  tartaric  acid 
arid  all  the  tart'-atcs.  It  is  likewise  used  in  preparing  pure  carbonate 
of  potassa.  N\\\civ  e\^os^<i\.o  ^ s.\xotv^ Vvi-jiX,  U  \ields  an  acrid  empy* 
reumatic  oil,  some  p^^ioVaiV^uc  ^cvCkA^]W^^^^  v«\^x>«'i\<«.^^*«Sss5s^^<led 
carb^**'"  o^Clc«  ^Vi«\  c^\^QVv\t  ^^\^  ^\'i\i%^  'C!ftR.\^%\^'^vsv^ 
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combines  with  the  potassa.  The  fixed  products  are  carbonate  of  po- 
tassa  and  charcoal,  which  may  be  separated  from  eacif  other  by  solu- 
tion and  filtration.  When  deflagrated  with  half  its  weight  of  nitre, 
by  which  part  of  the  charcoal  is  consumed,  it  forms  black  flux;  and 
when  an  equal  weight  of  nitre  is  used,  so  as  to  oxidize  all  the  free 
earbon  of  the  tartaric  acid,  a  pure  carbonate  of  potassa,  called  lohite 
fluXy  is  procured. 

Tartrate  ofPotansa  and  Soda, — This  double  salt,  which  has  been 
long  employed  in  medicine  under  the  name  of  Seignette  or  HoeJielle 
salt,  is  prepared  by  neutralizing  bitartrate  of  potassa  with  carbonate 
of  soda.  By  eraporation  it  yields  prismatic  crystals,  the  sides  of 
wbich  often  amount  to  ten  or  tweWe  in  number ;  but  the  primary 
form,  as  obtained  by  cleavage,  is  a  right  rhombic  prism.  (Mr  Brooke.)  " 
The  crystals  are  soluble  in  five  parts  of  cold  and  in  a  less  quantity  of 
boiling  water,  and  are  composed  of  114  parts  or. one  equivalent  of 
tartrate  of  potassa,  98  parts  or  one  equivalent  of  tartrate  of  soda,  and 
eight  equivalents  of  water. 

Tartrate  of  Soda  is  of  little  importance.  It  is  frequently  made  ex- 
temporaneously by  dissolving  equal  weights  of  tartaric  acid  and  bi- 
carbonate of  soda  in  separate  portions  of  water,  and  then  mixing  the 
solutions.  A  very  agreeable  effervescing  draught  is  procured  in  this 
way.  Soda  is  better  adapted  for  this  purpose  than  potassa,  because 
the  former  has  little  or  no  tendency  to  form  an  insoluble  bitartrate. 

Tartrate  of  Antimony  and  Potassa, — This  compound,  lopg  cele- 
brated as  a  medicinal  preparation  under  the  name  of  tartar  emetic,  is 
made  by  boiling  protoxide  of  antimony  with  a  solution  of  bitartrate  of 
potassa.  The  oxide  of  antimony  is  furnished  for  this  purpose  in  vari- 
ous wajTS.  Sometimes  the  glass  or  crocus  of  that  metal  is  employed. 
The  Edinburgh  college  prepare  an  oxide  by  deflagrating  sulphuret  of 
antimony  with  an  equal  weight  of  nitre ;  and  the  college  of  Dublin 
employ  the  submuriate.  Mr  Phillips  recommends  that  100  parts  of 
metallic  antimony  in  fine  powder  should  be  boiled  to  dryness  in  an 
iron  vessel,  with  200  parts  of  sulphuric  acid ;  and  that  the  residual  sub- 
salphate  be  boiled  with  an  equal  weight  6f  cream  of  tartar.  The 
eolation  of  the  double  salt,  however  made,  should  be  concentrated  by 
.evaporation,  and  allowed  to  cool  in  order  that  crystals  may  form. 

The  tartrate  of  antimony  and  potassa  commonly  crystallizes  in  te- 
trahedrons, which  are  often  transparent  when  first  formed,  but  become 
white  and  opake  by  exposure  to  the  air.  It  has  a  styptic  metallic 
taste,  reddens  litmus  paper  slightly,  and  is  soluble  in  fifteen  parts  of 
water  at  60^  and  in  three  of  Doiling  water.  (Dr  Duncan,  jun.)  Its 
aqueous  solution,  like  that  of  all  the  tartrates,  undergoes  spontaneous 
decomposition  by  keeping;  and,  therefore,  if  kept  in  the  liquid  form, 
aleohol  should  be  added  in  order  to  preserve  it.  According  to  the 
analysis  of  Dr  Thomson,  (First  Principles,  vol.  ii.  p.  441)  it  is  como 
posed  of 

Tartaric  acid  .  (66x2)  182    or  two  equivalents. 

Pkotoxide  of  Antimony       (52X3)  156    or  three  equivalents. 

Potassa  .  •  48    or  one  equivalent. 

Water  •  .  .  18    or  two  equivalents. 

854 
With  this  result,  the  analysis  of  Mr  Phillips  ateoT^t,  «1!&«^\.^^\a 
Ibood  three  wBtead  of  two  equivalents  of  walei.    TYi«  aXnuA!^  ^^^fip^ 
ofibe  salt  would,  on  this  estimate,  be  363. 

Tartar  emetie  la  decomposed  by  many  tcatteiiVa.    TV^ma  ^KsaKv^' 
abetaoeea,  from  their  superior  attraction  Cot  Un«i\^  ucU»  afc^w».v»'^ 
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oxide  of  uitimony.  The  pure  alktlies.  Indeed,  and  especially  potam 
and  soda,  precipitate  it  imperfectly,  owing  to  their  tendency  to  onite 
with  and  dissolve  the  oxide ;  but  the  alkaline  carbonates  throw  down 
the  oxide  much  more  completely.  Lime-water  occasions  a  white  pre- 
cipitate, which  is  a  mixture  of  the  oxide  or  tartrate  of  antimooy, 
and  tartrate  of  lime.  The  stronger  acids,  8uch>s  the  sulphuric,  nitric, 
and  muriatic,  cause  a  white  precipitate,  consisting  of  bitartrate  of 
potassa  and  a  sub-salt  of  antimony.  Decomposition  is  lilcewise  effect* 
ed  by  several  metallic  salts,  the  bases  of  which  yield  insoluble  com* 
pounds  with  tartaric  acid.  Sulphuretted  hydrogen  throws  down  th« 
orange  sulphuret  of  antimony.  It  is  precipitated  by  many  vegetabk 
substances,  especially  by  an  infusion  of  gall-nuts,  and  other  similar 
astringent  solutions,  with  which  it  forms  a  dirty  white  precipitate, 
which  is  regarded  as  a  compound  of  tannin  and  oxide  of  anlimooy. 
This  combination  is  inert,  and  therefore  a  decoction  of  cinchona  bad 
is  recommended  as  an  antidote  to  tartar  emetic. 

Citric  Acid. 

This  acid  is  contained  in  many  of  the  acidulous  fruits,  but  exiata  is 
large  quantity  in  the  juice  of  the  lime  and  lemon,  from  which  it  is  pro- 
cured by  a  process  very  similar  to  that  described  for  preparing  tartaric 
acid.  To  any  quantity  of  lime  or  lemon  juice,  finely  powdered  chalk 
is  added  as  long  as  effervescence  ensues,  and  the  insoluble  citrate  of 
lime,  after  being  well  washed  with  water,  is  decomposed  by  digestioa 
in  dilute  sulphuric  acid.  The  insoluble  sulphate  of  lime  is  separated 
by  a  filler,  and  the  citric  acid  obtained  in  crystals  by  evaporatioD. 
They  are  rendered  quite  pure  by  being  dissolved  in  water  and  re-crys- 
tallized. The  proportions  required  in  this  process  are  86  parts  crone 
equivalent  of  dry  citrate  of  lime,  and  49  parts  or  one  equivalent  of 
strong  sulphuric  acid,  which  should  be  diluted  with  about  ten  parts  of 
water. 

Citric  acid  crystallizes  in  rhomboidal  prismsterminated  by  four  plane 
surfaces.  The  crystals  are  large  and  transparent,  undergo  no  change 
in  the  air,  and  if  kept  dry  may  be  preserved  for  any  length  of  time 
without  decomposition.  They  have  an  intensely  sour  taste,  reddei^ 
litmus  paper,  and  neutralize  alkalies.  Their  flavour  when  diluted  is 
very  agreeable.  They  are  soluble  in  an  equal  weight  of  cold  and  in 
half  their  weight  of  boiling  water,  and  are  also  dissolved  by  alcohol. 
The  aqueous  solution  is  gradually  decomposed  by  keeping.  It  Is 
converted  into  oxalic  by  the  action  of  nitric  acid.  Exposed  to  heat, 
the  crystals  undergo  the  watery  fusion,  and  the  acid  itself  is  decom- 
posed before  all  its  water  of  crystallization  is  expelled.  Besides  the 
usual  products  of  the  decomposition  of  vegetable  matter,  a  peculiar 
acid  sublimes,  to  which  the  name  of  pyrociiric  acid  is  applied. 

The  atomic  weight  of  citric  acid,  as  deduced  from  the  composition 
of  citrate  of  lead  by  Thomson  and  Berzelius,  is  58  ;  and  the  crystals 
consist  of  58  parts  or  one  equivalent  of  the  acid,  and  IS  parts  or  tifo 
equivalents  of  water.  According  to  the  analyses  of  the  same  chemists, 
this  acid  is  inferred  to  consist  of 

Carbon  .        24    or  four  equivalents. 

Oxygen  .        32    or  four  equivalents. 

Hydrogen       .  2    or  two  equivalenta, 

58 
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The  analysis  of  Gay-Lossac  and  Thenard,  of  Dr  Proot  and  Dr  Ure*, 
woold  lead  to  a  different  statement ;  but  the  foregoing  agrees  better 
with  the  atomie  weight  of  the  acid. 

Citric  acid  is  characterized  by  its  flavour,  by  the  form  of  its  crystals, 
and  by  forming  an  insoluble  salt  with  lime,  and  a  deliquescent  soluble 
compound  with  potassa.  It  does  not  render  lime-water  turbid,  unless 
the  latter  is  in  excess,  and  fully  saturated  with  lime  in  the  cold. 

Critic  acid  is  chiefly  employed  as  a  substitute  for  lemon  juice.  On 
some  occasions,  as  in  making  effervescing  draughts  or  acidulous  drinks, 
tartaric  acid  may  be  used  with  equal  advantage. 

The  salts  of  citHC  acid  are  of  little  importance.  The  citrates  of 
potassa,  soda,  ammonia,  magnesia,  and  iron,  are  soluble  in  water. 
The  first  is  often  made  extemporaneously  as  an  effervescing  draught. 
The  citrates  of  lime,  baryta,  and  strontla,  lead,  mercury,  and  silver, 
are  very  sparingly  soluble.  All  of  them  are  dissolved  by  an  excess  of 
their  own  acid,  and  are  decomposed  by  sulphuric  acid. 

Malic  Acid. 

This  acid  is  contained  in  most  of  the  acidulous  fruits,  being 
frequently  associated  with  the  tartaric  and  citric  acids.  Grapes,  cur- 
rants, gooseberries,  and  oranges  contain  it.  Vauquelin  found  it  in  the 
tamarind,  mixed  with  tartaric  and  citric  acids,  and  in  the  house  leek, 
(Bempertwam  ieetorum,)  combined  with  lime.  It  is  contained  in 
considerable  quantity  in  apples,  a  circumstance  to  which  it  owes  its 
name.  It  Is  almost  the  sole  acidifying  principle  of  the  berries  of  the 
service  tree  (sorbus  aucuparia,)  in  which  it  was  detected  by  Mr 
Donovan,  and  described  by  him  under  the  name  of  sorbie  acid  in  the 
Pliilosophical  Transactions  for  1815 ;  but  it  was  afterwards  identified 
with  the  malic  acid  by  Braconnot  and  Houton-Labillardi^re.  (An.  de 
Ch.  et  de  Ph.  vol.  viii.) 

Blalic  acid  may  be  formed  by  digesting  sugar  with  three  times  its 
weight  of  nitric  acid ;  but  the  best  mode  of  procuring  it  is  from  the 
berries  of  the  service  tree.  The  juice  of  the  unripe  berries  is  diluted 
with  Uiree  or  four  parts  of  water,  filtered,  and  heated ;  and  while  boil- 
ing, a  solution  of  acetate  of  lead  is  added  as  long  as  any  turbidity  ap* 
pears.  The  colouring  matter  of  the  berry  is  thus  precipitated,  while 
malate  of  lead  remains  in  solution.  The  liquid,  while  at  a  boiling 
temperature,  is  then  filtered.  At  first  a  small  quantity  of  dark  colour- 
ed salt  subsides ;  but  on  decanting  the  hot  sdlution  into  another  vessel, 
the  malate  of  lead  is  gradually  deposited,  in  cooling,  in  groups  of 
hrHttant  white  crystals.  This  process — a  modification  of  the  common 
one— has  lately  been  recommended  by  Wohler.  The  malate  of  lead 
is  then  decomposed  by  a  quantity  of  dilute  sulphuric  acid,  insu£Gi- 
cient  for  combining  with  all  the  oxide  of  lead ;  by  'which  means  a 
sohition  is  procured  containing  malic  acid  together  with  a  little  lead. 
The  latter  is  afterwards  precipitated  by  sulphuretted  hydrogen. 

Malic  acid  has  a  very  pleasant  acid  taste.  It  crystallizes  with  great 
difficulty  and  in  an  imperfect  manner,  attracts  moisture  from  the  at- 
mosphere, and  is  very  soluble  in  water  and  alcohol.  Its  aqueous 
solution  is  gradually  decomposed  by  keeping.  Nitric  acid  converts  it 
into  oxalic  acid.  Heated  in  close  vessels,  it  is  decomposed  with 
formation  of  a  new  and  volatile  acid,  which  has  hence  received  the 
name  of  pyromalie  aeid. 
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AeeordiDg  to  a  recent  •nalyiis  of  the  malates  of  lime,  lead,  tnd 
copper  by  Dr  Prout,  100  parte  of  anhydrous  malic  acid  connit  of 
40^  parts  of  carbon,  64.24  of  oxygen,  and  5.08  parts  of  hydrogen. 

Most  of  the  salts  of  malic  acid  are  more  or  less  soiable  in  wat«. 
The  malates  of  soda  and  potassa  are  deliquescent  and  very  soluble. 
Those  of  lead  and  lime,  the  most  insoluble  of  the  malates,  are  sptriogly 
soluble  in  cold  water,  but  are  freely  dissolved  by  that  liquid  at  a  boB- 
ing  temperature,  a  circumstance  which  distinguishes  the  malic  from 
the  oxalic,  tarUric,  and  citric  acids. 

Benzoic  Add. 

Benzoic  acid  eidsts  in  gum  benzoin,  in  storax,  in  the  balsams  of 
Peru  and  Tolu,  and  in  several  other  vegetable  substances.  M.  Vo«i 
has  detected  it  in  the  flowers  of  the  trtfolium  melUotus  offidnm. 
It  is  found  in  considerable  quantity  in  the  urine  of  the  cow  and  other 
herbivorous  animals,  and  is  perhaps  derived  from  the  grasses  on  which 
they  feed.    It  has  also  been  detected  in  the  urine  of  children. 

This  acid  is  commonly  extracted  from  gum  benzoin.  One  method 
consists  in  heating  the  benzoin  iji  an  earthen  pot,  over  which  is  placed 
a  cone  of  paper  to  receive  the  acid  as  it  sublimes ;  Imt  since  tbs  pro- 
duct is  always  impure,  owing  to  the  presence  of  empyreomatic  oil,  it 
is  better  to  extract  the  acid  by  means  of  an  alkali.  The  usual  process 
consists  in  boiling  finely  powdered  gum  benzoin  in  a  large  quantity  of 
water  along  with  lime  or  carbonate  of  potassa,  by  which  means  a 
benzoate  is  formed.  To  the  solution,  after  being  filtered  and  coo- 
centrated  by  evaporation,  muriatic  acid  is  added,  which  unites  with 
the  base,  and  throws  down  the  benzoic  acid.  It  is  then  dried  by  a 
gentfe  heat,  and  purified  by  subliination. 

Benzoic  acid  has  a  sweet  and  aromatic  rather  than  a  sour  taste;  but 
it  reddens  Utmus  paper,  and  neutralizes  alkalies.  It  fuses  readily  by 
heat,  and  at  a  temperature  a  little  above  its  point  of  fusion,  it  is  con- 
verted into  vapour,  emitting  a  peculiar,  fragrant,  and  highly  charac* 
teristic  odour,  and  condensing  on  cool  surfaces  without  change. 
When  strongly  heated,  it  takes  fire,  and  burns  with  a  clear  yellow 
flame.  It  undergoes  no  change  by  exposure  to  the  air,  and  is  not 
decomposed  by  the  action  even  of  nitric  acid.  It  requires  about 24 
parts  of  boiling  water  for  solution,  and  nearly  the  whole  of  it  is  depos* 
ited  on  cooling  in  the  form  of  minute  acicular  crystals  of  a  silky  lustre. 
It  is  very  soluble  in  alcohol,  especially  by  the  aid  of  heat. 

Benzoic  acid  is  easily  distinguished  by  its  odour  and  volatility.  Its 
salts  are  all  decomposed  by  muriatic  acid,  with  deposition  of  benzoic 
acid,  if  the  solution  is  moderately  concentrated. 

The  atomic  weight  of  benzoic  acid,  as  inferred  from  the  analysis  of 
benzoate  of  lead  by  Berzelius,  and  that  of  the  benzoate  of  the  pe> 
oxide  of  iron  by  Dr  Thomson,  is  120. 

The  ultimate  analysis  of  this  acid  by  Berzelius*,  together  with  the 
number  representing  the  weight  of  its  combining  proportion,  appears 
to  justify  the  opinion  that  it  is  composed  of 

Carbon  .  .        90    or  fifteen  equivalents. 

Oxygen         .  .        24    or  three  equivalents. 

Hydrogen     .  .         6    or  six  equivalents. 

120 
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According  to  the  analysis  of  Dr  Ure,  it  contains  tliirteen  instead  of 
fifteen  equivalents  of  carbon.  (Piiilos.  Trans,  for  1822.) 

Most  of  the  benzoates  are  soluble  in  water.  Those  of  lead,  mercury, 
and  peroxide  of  iron  are  the  most  insoluble.  The  benzoates  of  soda 
Mid  ammonia  are  sometimes  employed  for  separatins  iron  from  man- 
ganese. If  the  solution  is  quite  neutral,  the  peroxide  of  iron  is  com- 
pletely precipitated,  while  the  manganese  remains  in  solution. 

Gallic  Add, 

This  acid  was  discovered  by  Scheele  in  17S6,  and  exists  ready  form- 
ed in  the  bark  of  many  trees,  and  in  ^all-nuts.  It  is  always  associated 
with  tannin,  a  substance  to  which  it  is  allied  in  a  manner  hidierto  un- 
explained. 

several  processes  have  been  described  for  the  preparation  of  gallic 
acid ;  but  the  most  economical  appears  to  be  that  of  Scheele,  as  modified 
by  M.  Braconnot.  (An.  de  Ch.  et  de  Ph.  vol.  ix.)  Any  quantity  of 
gall-nuts,  reduced  to  powder,  is  infused  for  a  few  days  in  four  times 
their  weight  of  water ;  and  the  infusion,  after  being  strained  through 
linen,  is  Kept  for  two  months  in  a  moderately  warm  atmosphere. 
During  this  period,  the  surface  of  the  liquid  becomes  mouldy,  the 
tannini>f  the  eall-nuts  disappears  more  or  less  completely,  and  a  yel- 
lowish crystalline  matter  is  deposited.  On  evaporating  the  solution 
to  the  consistence  of  syrup,  and  allowing  it  to  cool,  an  additional  quan- 
tity of  the  same  substance  subsides.  The  gallic  acid,  thus  procured. 
Is  impure,  owioe  to  the  presence  of  colouring  matter,  and  a  peculiar 
acid,  to  which  M,  Braconnot  has  applied  the  name  of  ellagie  add. 
Tlie  gallic  acid  is  separated  from  the  latter  by  boiling  water,  in  which 
the  ellagic  acid  is  insoluble ;  and  it  is  rendered  white  by  digestion 
with  animal  charcoal,  deprived  of  its  phosphate  of  lime  by  muriatic  acid. 
When  the  cojourless  solution  is  concentrated  by  evaporation,  the 
gallic  acidjs  deposited  in  small  white  acicular  crystals  of  a  silky  lustre. 
Some  crystals  prepared  by  Mr  Phillips,  and  examined  by  Mr  iBrooke, 
were  in  the  form  of  an  oblique  rhembic  prism. 

Gallic  acid  has  a  weak  sour  taste,  accompanied  with  a  slight  sen- 
sation of  astringency.  It  reddens  litmus  paper,  and  effervesces  with 
alkaline  carbonates.  It  is  soluble  in  twenty-four  parts  of  cold  and  in 
three  of  boiling  water ;  and  it  is  likewise  dissolved  by  alcohol.  The 
aqueous  solution  becomes  mouldy  by  keeping.  Nitric  acid  converts 
it  into  oxalic  acid.  When  strongly  heated  in  the  open  air,  it  takes  fire. 
At  a  high  temperature  in  dose  vessels,  it  is  in  part  decomposed,  and 
Id  part  sublimes,  apparently  without  change. 

The  composition  and  atomic  weight  of  gallic  acid  has  not  been  de- 
termined in  a  satisfactory  manner.    From  an  analysis  of  the  gallate  of 
leiid  byBerzelius,  the  equivalent  of  the  acid  is  probably  about  63  or 
64 ;  and  according  to  the  same  chemist  it  is  composed  of 
Carbon  .  .  56.64 

Oxygen  .  .  88.36 

Hydrogen        .  .  5.00* 

With  Kme-water,  gallic  acid  yields  a  brownish- green  precipitate, 
which  is  redissolved  by  an  excess  of  the  solution,  and  acquires  a  red- 
dish tint.  It  is  distinguished  from  tannin  by  causing  no  precipitate  in 
a  solution  of  gelatine.  With  a  salt  of  iron,  it  forms  a  dark  blue-coloured 
compound,  which  is  the  basis  of  ink.  The  finest  colour  is  procured 
when  the  peroxide  and  protoxide  of  iron  are  mixed  together.    This 
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cbarMter  distinguishes  gatllc  acid  from  erery  otbet  subetance  except- 
ing tanoin. 

^tie  salts  of  gallic  acid,  called  gaUates,  have  been  Imperfectly  ex- 
amined. The  gallates  of  potassa,  soda,  and  ammonia^  are  sohible  in 
water ;  but  most  of  the  other  gallates  are  of  sparing  solubility.  On  this 
account  many  of  the  metallic  solutions  are  precipitated  by  gallic  add. 

Succinic  Acid. 

This  acid  is  procured  by  heating  powdered  amber  in  a  retort  byi 
regulated  temperature,  when  the  succinic  acid  passes  oyer  and  con- 
denses in  the  receiver.  It  is  at  present  uncertain  whether  it  ezisti 
reathr  formed  in  amber,  or  is  a  product  of  the  destructive  distillatioD. 
As  first  obtained,  it  has  a  yellow  colour  and  peculiar  odour,  owing  to 
the  presence  of  some  empyreumatic  oil ;  but  it  is  rendered  quite  pare 
and  white  bv  being  dissolved  in  nitric  acid,  and  then  evaporated  to 
drjmess.    The  oil  is  decomposed,  and  the  succinic  acid  left  uncbaDged. 

Succinic  acid  has  a  sour  taste,  and  reddens  litmus  paper.  It  is  so- 
luble both  in  water  and  alcohol,  and  crystallizes  by  evaporation  in  an- 
hydrous prisms.  When  briskly  heated,  it  fuses,  undergoes  decompo- 
sition, and  in  pait  sublimes,  emitting  a  peculiar  and  very  characteristic 
odour. 

The  salts  of  succinic  acid  have  been  little  examined.  The  succi- 
nates of  the  alkalies  are  soluble  in  water.  That  of  ammonia  is  fre- 
quently employed  for  separating  iron  from  manganese,  the  succinate 
of  the  peroxide  of  iron  being  quite  insoluble  in  water,  provided  the 
solutions  are  neutral.  The  succinate  of  manganese,  on  the  contrary, 
is  soluble. 

The  atomic  weight  of  succinic  acid,  deduced  from  the  composition 
of  the  succmate  of  iron  and  of  lead  by  Thomson  and  Berzelius,  is  50; 
and,  accordmg  to  the  analysis  of  the  succinate  of  lead  by  Berzelius, 
this  acid  is  inferred  to  consist  of 

Carbon  .  .  24     or  four  equivalents. 

Oxygen  .  .  24     or  three  equivalents. 

Hydrogen         .  .  2    or  two  equivalents. 
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From  this  it  appears  that  the  succinic  is  identical  with  the  acetic 
acid,  both  in  the  proportion  of  its  constituents  and  the  number  of  its 
equivalent.  If  this  is  true,  and  there  seems  no  good  reason  to  doubt 
the  accuracy  of  the  data,  the  sole  difference  between  these  acids  con- 
sists in  the  manner  in  which  their  elements  are  combined,  a  circum- 
stance which  is  very  favourable  to  the  opinion  already  mentioned  rela- 
tive to  the  constitution  of  organic  substances  in  general.  (Page  422.)* 

Camphoric  Jlcid.— This  compound  has  not  hitherto  been  found  in 
any  plant,  and  is  procured  only  by  digesting  camphor  for  a  consider- 
able  time  m  a  large  excess  of  nitric  acid.  It  is  sparingly  soluble  in 
water.  Its  taste  is  rather  bitter,  and  its  odour  somewhat  similar  to 
saffron.  It  reddens  litmus  paper,  and  combines  with  alkalies,  forming 
salts  which  are  called  camphorates.  This  acid  has  not  been  appUed 
to  any  useful  purpose.  "^"^ 


•If,  however,  tVieaxia\^?\a  oK  «Lt^\:\«.^€\\\i^\ix'^xsiNi\\jfc^!!WM^ 
■s  correct,  this  identity  ol  coittV^«v>\o\i\>«^y«^««x\\ '«k^«ajw3aa& 
Will  disappear.  (See  page  4Yl.^  B« 
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The  mucic  or  »atcholaetic  add  was  discovered  by  Scheele  in  1780. 
It  is  obtained  by  the  action  of  nitric  acid  on  certain  substances,  such 
as  gum,  manna,  and  the  sugar  of  milk.  The  readiest  and  cheapest 
mode  of  forming  it,  is  by  digesting  gum  with  three  times  its  weight  . 
of  nitric  acid.  On  applying  heat,  effervescence  ensues,  and  tbiee 
acids — the  oxalic,  malic,  and  saccholactic,  are  the  products.  The 
latter,  from  its  insolubility,  subsides  as  a  white  powder,  and  may  be 
separated  from  the  others  by  washing  with  cold  water.  In  this  state 
Dr  Prout  says  it  is  very  impure.  To  purify  it  he  digests  witii  a  slight 
excess  of  ammonia,  and  dissolves  the  resulting  salts  in  boiling  water. 
It  is  filtered  while  hot,  and  the  solution  evaporated  slowly  almost  to 
dryness.  The  saccbolactate  of  ammonia  is  thus  obtained  in  crystals, 
which  are  to  be  washed  with  cold  distilled  water,  until  they  become 
quite  white.  They  are  then  dissolved  in  boiling  water,  and  the  satu- 
rated hot  solution  dropped  into  cold  dilute  nitric  acid. 

The  saccholactic  is  a  weak  acid,  which  is  insoluble  in  alcohol,  and 
requires  sixty  times  its  weight  of  boiling  water  for  solution.  When 
heated  in  a  retort  it  is  decomposed,  and  in  addition  to  the  usual  pro- 
ducts, yields  a  volatile  white  substance,  to  which  the  name  of  pyrO' 
mueie  acid  has  been  applied.  According  to  the  analysis  of  Dr  Prout, 
saccholactic  acid  is  composed  of  33  parts  of  carbon,  61.5  of  oxygen, 
and  4.9  of  hydrogen. 

Moroxylie  Aeui. — This  compound,  which  was  discovered  by  Klap- 
roth,  is  found  in  combination  with  lime  on  the  bark  of  the  morus  aiba 
or  white  mulberry,  and  has  since  received  the  appellation  of  morie  or 
moroxylie  acid.  It  is  obtained  by  decomposing  the  moroxylate  of  lime 
by  acetate  of  lead,  and  then  separating  the  lead  from  the  moroxylate 
01  that  base  by  means  of  sulphuric  acid. 

The  hydrocyanic  orprussic  acid,  which  is  not  an  unfrequent  pro- 
duction of  plants,  has  already  been  described. 

The  sorbie,  as  already  mentioned,  has  been  shown  to  be  the  malic 
acid. 

Bheumie  ^cid.^'Thia  name  was  applied  to  the  acid  principle  con- 
tained in  the  stem  of  the  garden  rhubarb ;  but  M.  Lassaigne  has  shown 
it  to  be  the  oxalic  acid. 

BoleHc  acid  was  discovered  by  M.  Braconnot,  in  the  juice  of  the 
Bolettis  pseudo-igniariua.  As  it  is  a  compound  of  no  importance,  I 
refer  the  reader  to  the  original  paper  for  an  account  of  it.  (Annals  of 
Phil.  vol.  ii.) 

JgaauricAcid. — MM.  Pelletier  and  Caventou  have  proposed  this  name 
for  the  acid  which  occurs  in  combination  with  strychnia  in  the  nuz 
vomica  and  St  Ignatius's  bean ;  but  its  existence,  as  different  from  all 
other  known  acids,  is  doubtful. 

MelUHe  Acid, — This  acid  is  contained  in  the  rare  substance  called 
konty-Btone,  which  is  occasionally  met  with  at  Thuringia  in  Ger- 
many. The  honey-stone,  according  to  Klaproth,  is  a  mellitate  of 
ahimina,  and  on  boiling  it  in  a  large  quantity  of  water,  the  acid  is  dis- 
solved and  the  alumina  subsides.  On  concentrating  the  solution,  tlie 
mellitic  acid  is  deposited  in  minute  acicular  crystals.  From  its  rarity  it 
hu  been  little  studied,  and  is  of  little  importance. 

Suberic  add  is  procured  by  the  action  of  nitric  acid  on  cork.    Its 
add  properties  are  leeble.    It  is  very  soluble  in  boiling  water,  and  the 
greater  part  of  it  is  deposited  from  the  solution  Vq  eo^YCk%\tk^^S»cav 
of  a  white  powder.    ItB  salts,  which  have  been  \\V.V\«  «s»mvfiA^>^^ 
Mdowd  by  the  name  of  fuberatea, 

Zumie  Jidd. — This  compound,  procured  bv  BtacotwioX.  Kxom  a«^^* 
1/  wogetabh  Muhetaneet  irfaich  had  undergone  ibe  %CA\»\ift  VciuiA'V)^^' 
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lion,  appe»H  from  Ihe  obiervalions  of  Vogel   lo  be  the  Isclie  wiO. 
(AnnalB  of  Philosophy,  vol.  lii,)  , 

Kinie  ^eid  — Th«  scid  exists  in  Iho  cinchona  bark  in  comMubn  v 
wlih  lime.  On  cvapoi9<inir  in  infuBioaof  baik  Id  ibe  coniistcnee  it 
tn  Mlract,  and  irealiog  the  residue  with  alcohol,  a  viscid  BlMtM  * 
main!!,  conclBlIng  oflhe  kfante  oriime  and  mudlaginous  matlen.  Oi 
diiiolvliig  it  in  water,  and  allowing  Ihe  concentraled  Bolulion  t«  m- 
ponte  tpontaneouily  in  a  ivatni  place,  Ihe  kinate  cryBlalliiea  in  Aaa- 
bic  DfUnw  with  dihedral  suinmili.  From  a  solution  nf  this  salt,  Y» 
qnellD  precipitated  the  lime  by  meanf  of  oxalic  add,  and  Ihu  oblw- 
ed  kinlcicid  in  a  pure  slate.  (An.  de  Ch.  vol,  lii,) 

Kinlc  acid  has  an  acid  lasle  and  reddens  vegetable  blue  colours.  U 
is  vary  soluble  in  water,  and  cryslalllzes  with  dlfficully,  llfbtinisj. 
luhlecompoundsivilhthe  alkalies  and  alkaline  earths,  and  is  DDi  pn- 
cipilaled  by  a  Fait  of  mercury,  lead    '        Ivdc. 

^«onic  and,  which  is  combli 
mosl  convenienlly  described  in  th 
Pttlie  Jeid,— See  Yegetable  J. 
Carbatolie  Jldd.—TMa  name  J  en  applied  by  51,  LIsWg  »  • 
iwculiar  acid,  ronned  by  Ihe  awioi.  nilric  acid  on  Iniigo,  II  ^ 
made  by  dissolving  small  frai;menU  <  le  best  indleo  in  ei|^l  or  M 
lime*  tbEir  weight  of  moderately  BIi~  nilric  ■cjd,  and  boiHn^  ibe 
sol  u  I  ton  as  long  as  nitrous  acid  fulr  era  evolved.  On  cooliBg,! 
luge  quantity  orsemMrBiispBrenl  je  >  crystals  nill  be  fomediidd 
on  evaporating  (he  residual  liquid,  I  adding;  cold  waur,  an  addi- 
tional qiianlily  of  Ihe  acid  is  procurer.  To  render  Ihe  new  add  flAe 
pure  it  shTiuld  be  dissolved  lu  hot  water,  and  neutralized  by  cirbooile 
of  polsssa.  As  Ihe  liquid  cools,  the  carbazorate  aC  polassa  cryil>Ilii«< 
and  mny  be  purified  by  repealed  crytlnlliiatlon.  The  acid  nuj  be  pre- 
cipilated  froni  ihls  salt  by  sulphuric  acid, 

Carbazotic  acid  is  sparintily  soluble  In  cold  water  ;  but  is  diSMlial 
much  more  freely  by  the  aid  of  heat,  and  on  cooling  yields  brilliiDl 
crystilliiiB  plates  of  a  yellow  colour.  Ether  and  alcohol  dlisoln  it 
readily.  It  is  fused  and  volalllized  by  heat  without  dEcompoailiu; 
but  when  suddenly  e.ipascd  Id  a  strong  heal,  it  inQames  wilboul  Bi- 
ploslon.  and  burns  with  a  yellow  flame,  with  a  residue  of  chjicotl.  lu 
Bolution  his  a  blight  yellow  colour,  reddens  litmus  paper,  is  eilmiel; 
bitter,  aelB  like  astrangacid  on  metallic  oxides,  sndyieldscryili!IU>- 
ble  aalla.  It  is  composed  of  carbon,  nllrogen,  and  oiygeo,  in  <if 
proportion  of  tirtecn  equivalents  of  the  first,  three  of  Ihe  secoDiJ,i»l 
fifteen  of  the  third  aubslance.  (Journal  of  Science,  vols.  li.ll(i,»d 
111.  490. ) 

The  blller  principle  of  Weller,  formed  by  the  aeUon  of  nitric  Ui' 
on  silk,  is  alao  carbazotic  acid- 
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m  German  apotbeetry,  who  published  an  account  of  morphia  so  long 
ago  aa  Che  year  1803 ;  but  the  subject  excited  no  notice  until  the 
publication  of  his  second  essay  in  1816.  The  chemists  who  have 
■ince  cultivated  this  department  with  most  success  are  M.  Robiquet^ 
and  MM.  Pelletier  and  Caventou. 

All  the  vegetable  alkalies,  according  to  the  researches  of  Pelletier 
and  Dumas,  consist  of  carbon,  hydrogen,  oxygen,  and  nitrogen. 
(Ad.  de  Ch.  et  de  Ph.  vol.  zxiv.)  They  are  decomposed  with  facil* 
ity  by  nitric  acid  and  by  heat,  and  ammonia  is  always  one  of  the  pro- 
ducts of  the  destructive  distillation.  They  never  exist  in  an  insulated 
state  in  the  plants  which  contain  them  ;  but  are  apparently  in  every 
case  combined  with  an  acid,  with  which  they  form  a  salt  more  or  less 
soluble  in  water.  Thesej  alicalies  are  for  the  most  part  very  insoluble 
in  water,  and  of  sparing  solubility  in '  cold  alcohol ;  but  they  are  all 
readily  dissolved  by  that  fluid  at  a  boiling  temperature,  being  deposited 
from  the  solution,  commonly  in  the  form  of  crystals,  on  cooling.  Most 
of  the  salts  are  &r  more  soluble  in  water  than  the  allcalies  themselves, 
and  several  of  them  are  remarkable  for  their  solubility. 

As  the  vegetable  alkalies  agree  in  several  of  their  leading  chemical 
properties,  the  mode  of  preparing  one  of  them  admits  of  being  applied 
with  slight  variation  to  all.  The  general  outline  of  the  method  is  as 
foUow8.-*The  substance  containing  the  alkaline  principle  is  digested, 
or  more  commonly  macerated,  in  a  large  quantity  of  water,  which  dis- 
solves the  salt,  the  base  of  which  is  the  vegetable  alkali.  On  adding 
some  more  powerful  salifiable  base,  such  as  potassa  or  ammonia,  or 
boUing  the  solution  for  a  few  minutes  with  lime  or  pure  magnesia,  the 
vegetable  alkali  is  separated  from  its  acid,  and  being  in  that  state  inso- 
luble in  water,  may  be  collected  on  a  filter  and  washed.  As  thus 
procured,  however,  it  is  impure,  retaining  some  of  the  other  princi- 
ples, such  as  the  oleaginous,  resinous,  or  colouring  matters,  with  which 
it  is  associated  in  the  plant.  To  purify  it  from  these  substances,  it 
should  be  mixed  with  a  little  animal  charcoal,  and  dissolved  in  boiling 
tlcohol.  The  alcoholic  solution,  which  is  to  be  filtered  while  hot, 
yields  the  pure  alkali,  either  on  cooling  or  by  evaporation ;  and  if  not 
quite  colourless,  it  should  again  be  subjected  to  the  action  of  alcohol 
tnd  animal  charcoal.  In  order  to  avoid  the  necessity  of  employing  a 
large  quantity  of  alcohol,  the  following  modification  of  the  process 
may  be  adopted.  The  vegetable  alkali,  after  being  precipitated  and 
collected  on  a  filter,  is  made  to  unite  with  some  acid,  such  as  the 
acetic,  sulphuric,  or  muriatic,  and  the  solution  boiled  with  animal 
charcoal,  until  the  colouring  matter  is  removed.  The  alkali  is  then 
precipitated  by  ammonia  or  some  other  salifiable  base. 

Morphia. 

Opium  contains  a  great  diversity  of  different  principles,  among 
which  the  following  may  in  particular  be  enumerated : — morphia, 
meconic  acid,  narcotine,  gummy  resinous  and  extractive  colouring 
matters,  lignin,  fixed  oil,  and  a  small  quantity  of  caoutchouc.  On 
infiising  opium  in  water,  several  of  these  principles  are  dissolved,  and 
especially  the  meconate  of  morphia,  together  with  narcotine,  which 
is  likewise  rendered  soluble  by  an  acid. 

One  of  the  best  processes  for  preparing  pure  morphia  is  that  recom- 
mended by  M.  Robiquet.  (An.  de  Ch.  et  de  Ph.  vol.  v.)  The  con- 
centrated infusion  of  a  pound  of  opium  is  boiled  for  a  quarter  of  an 
hour  with  about  150  erains  of  pure  magnesia,  and  VYie  ^t^^^^  o^Ti^- 
taXiine precipitate ,  wEicli  consists  of  the  meconale  ol  mai^esv^)  \£lq>v 


iHlid  on  a  flitor  ind  •dokonted  wHIi  eold  waHr.  JUils  ppwiwfc 
Am  diMtod  at  a  taspwatm  ol  IM*  or  UT  F.  fa  dBotodBd^f 
tririchramovoi  tho  mreothio  and  tho  matar  put  of  fhe  caMI|g 
mttor.  Tba  morphia  to  then  talmi  op  ny  ooneootnted  holHiiiiiw 
hbl,  and  W  dapoalted  to  erfitala  on  cooBac.    Dr  ChiMion  ' 


>BiiK.    Dr  Chill 
mo'that  by  thb  pioeaai»  eobdnetod  tai  tho  fibofamj  of  M.  BoU^ 
ho  proeorad  thrao  draehnif  and  a  half  of  iwHpUa  ma  hdf  a  pNil 
of  a  vary  ptno  apodaian  of  the  boat  "tahoy  opiwD. 

Dr  ThooMB  piopoaaa  to  predpltato  tho  morplila  hy  aimwaJi,  ai 
to  porMy  ^  ^  abhitlon  to'aeetic  aeid  and  dlfaoOon  with  aalMlcl» 
coal.  ( Annak  ci  Phil.  toI.  zt.)    Thii  procoaa  laywy  confinlioi^hj 


I  doobt  If  it  glfoa  ao  kige  a  prodoet  aa  tbo  feiMouig.    The 
chareoal  aboiild  bo  depilTed  of  phoaphato  of  Ibno  t^  mnriatie  aeU  1^ 
fore  being  uaed. 

Pore  moipUaeiyatalHsea  readily  when  Ha  aleoholloaQlalfeoiieia' 
porated,andyieldseoloai1eweiyatila^ahrilllant1iiatre.  TbeyBOrilf 
oeeur  in  irregnbr  lis-eided  pritmi  with  dihedral  oimwrfti;  M  M 
primaiy  form  la  a  right  rfaomUe  priam,  of  which  tho  lateial  phoMoaif 
appear  to  tho  cryatala.  (Brooke.)  It  la  almoat  wholly  tantoUe  in 
cold,  and  to  Tonr  email  extent  to  hot  water.  It  la  aoUbii  ia  ibong 
aleobol,  eMoebUy  by  the  aid  of  heat.  In  tta  noro  atalOi  Ittoe  Nireely 
anv  taite ;  W  wMn  rendered  aoluble  by  eofliblninf  with  aa  add  « Iqr 
flofution  in  alcohol,  it  is  intensely  bitter.  It  has  an  alktHoe  retctioo, 
and  combines  with  acids,  forming  neutral  salts,  which  are  for  more  ( 
soluble  in  water  than  morphia  itself,  and  for  the  most  part  are  capable 
of  crystallizing. 

Strong  nitric  acid  decomposes  morphia,  forming  a  red  sdlotioD,  wbidi 
bv  the  continued  action  of  the  acid  acquires  a  yellow  colour,  and  is 
ultimatery  converted  into  oxalic  acid.  This  circumstance  wu  fint 
noticed  by  Pelletier  and  Caventou ;  but  it  is  not  peculiar  to  moiphhi 
since  nitric  acid  has  a  similar  effect  on  strychnia. 

Morphia  is  the  narcotic  principle  of  opium.  When  pore,  owiagto 
its  insolubility,  it  is  almost  inert;  for  M.  Orfila  gave  twelve  gnluflf 
it  to  a  dog  without  its  being  followed  by  any  sensible  effect*.  In  a  sttte 
of  solution,  on  tho  contrary,  it  acts  on  the  animal  system  with  greit 
energy,  Sertuemer  having  noticed  alarming  symptoms  from  so  ml 
a  quantity  as  half  a  grain.  From  this  it  appears  to  follow  that  tbe 
efiects  of  an  overdose  of  a  salt  of  morphia  may  be  prevented  by  giviV 
a  dilute  solution  of  ammonia,  or  an  alkaline  carbonate,  so  as  to  pfso* 
pitate  the  vegetable  alkali.  When  carefully  administered,  mofpUi 
may  be  employed  very  advantageously  in  the  practice  of  meificbiei 
since,  according  to  Magendie,  it  produces  the  soothing  effeetief 
opium,  without  causing  the  feverish  excitement,  heat,  and  headidh 
which  so  frequently  accompany  the  employment  of  that  drug.  H* 
best  mode  of  exhibiting  it,  is  in  the  form  of  acetate  of  morp^  airil 
which  is  very  soluble  in  water,  and  crystallizes  in  divergent  piisoiity 
evaporation.    The  basis  of  Battley's  sedative  liquor  is  supposed  (ebe 

*  Judging  from  my  own  experience,  I  cannot  believe  that  Orlih  h 

accurate  in  aa8eil\n^\\i9Xi^>ite  morphia  is  nearly  inert :  I  have  mpfM 

employed  it  on  sevenX  oec»a\oTA'<NV^^«r}  \sc«3^«l«j6feetB.    EveO'td* 

mitting  that,  aa  a  f^enenX  t^Ae,  Vcak^v^X^  v!^».VvBAXA\e«^x«^  vt&B^« 

the  animal  economy,  Um?^^\i*«^«e»«!l^»J^^'«^«^'«*[;^^ 

*olred  by  the  acid  \»\i\c\i  W mee\» 'wVXixs^ ^Cofc %\h\sa^. ^, 
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acetate  of  morphia.  This  compoimd,  from  being  inodoioof,  tnd  thete- 
fore  leiB  easily  detected  than  opiam,  hss  been  employed  for  criminal 
purpoMS,  and  M.  Lassaiene  has  described  the  following  method  for 
diecoTering  its  presence.  (An  de  Ch.  et  de  Ph.  xzv.  102.)  The  tot- 
peeted  solution  is  evaporated  by  a  temperatare  of  212°,  and  the  residue 
treated  with  alcohol,  by  which  the  acetate  of  morphia,  together  with 
oemazome  and  some  salts,  is  dissolved.  The  alcohol  is  next  evapo- 
nted,  and  water  added  to  separate  some  fatty  matter.  The  aqneow 
solution  is  then  set  aside  for  spontaneous  evaporation,  during  which 
the  acetate  of  morphia,  if  present,  crystallizes  in  divergent  prisms  of 
m  yellowish  colour.  The  salt  is  recognised  by  its  bitter  taste,  by  jneld- 
ing  a  precipitate  with  ammonia,  by  the  disengagement  of  acetic  acid 
on  the  addition  of  concentrated  sulphuric  acid,  and  by  the  orange-red 
colour  developed  by  nitric  acid. 

The  composition  of  morphia,  as  will  appear  from  the  following  num- 
bers, has  been  stated  differently  by  different  chemists.  The  specimen 
analyzed  by  Dr  Thomson  must  surely  have  been  impure. 

Pelletier  and  Dumas,  Bussy, 

Carbon          .        72.02  69.0 

Oxygen         .        14.84  20.0 

Hydrogen     .          7.61  6.5 

Nitrogen       .          5.53  4.5 

100  100  100  100 

Mteonie  Add.* — ^This  acid  was  procured  by  M.  Roblquet  from  the 
magnesian  precipitate  above  mentioned,  after  the  morphia  had  been 
separated  from  it.  The  meconate  of  magnesia  is  dissolved  in  dilute 
sulphuric  acid,  and  muriate  of  baryta  is  then  added,  which  throws 
down  the  sulphate  and  meconate  of  that  base.  By  acting  on  this 
precipitate  with  dilute  sulphuric  acid, the  meconic  acid  is  set  free,  and 
crystallizes  when  its  solution  is  evaporated.  As  it  retains  colouring 
matter  very  obstinately,  it  should  be  purified  by  sublimation.  Meconic 
acid  may  easily  be  prepared,  as  recommended  by  Dr  Hare,  by  precipi- 
tating the  acid  from  an  aqueous  infusion  of  opium  with  acetate  of  lead, 
and  decomposiDg  the  insoluble  meconate  of  lead,  while  diffused 
through  water,  by  a  current  of  sulphuretted  hydrogen  gas.  The  fil- 
tered solution  yields  crystals  of  meconic  acid  by  evaporation. 

Meconic  acid  has  a  sour,  followed  by  a  bitter  taste,  reddens  litmuA 
paper,  and  is  very  soluble  both  in  water  and  alcohol.  It  is  character- 
ized by  giving  a  red  colour  to  a  salt  of  the  peroxide  of  iron,  and  commu« 
nicates  an  emerald  green  tint  to  sulphate  of  copper.  It  exerts  no 
action  on  the  animal  system.  Its  presence  even  in  a  dilute  solution 
of  opium  may  be  detected  by  acetate  of  lead.  The  insoluble  meconate 
of  lead,  which  subsides,  is  decomposed  by  sulphuric  acid ;  and  on  add- 
ing a  persalt  of  iron,  the  red  colour  caused  by  the  free  meconic  acid 
makes  its  appearance. 

^areotine. — This  substance,  though  not  regarded  as  a  vegetable 
alkali,  may  be  conveniently  noticed  in  connection  with  morphia.  It 
was  particularly  described  in  1808  by  Derosne,  and  was  long  known  by 
the  name  of  the  salt  of  Derosne.  Sertuerner  supposed  it  to  be  (he  me- 
conate of  morphia  ;  but  M.  Robiquet  proved  that  it  is  an  independent 
principle,  and  applied  to  it  the  name  of  narcotine.  It  is  easily  pre- 
pared by  evaporating  an  aqueous  infusion  of  opium  to  the  eoive\«V.«<bR,^ 
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oil  digesllng  ll  in  eulphurie  ether.    Tbl>  iDlvenliahU 

the  mcconale  of  moiphla,  Itkei  up  t\\  tbe  Daieotiti, 

in  Bckulac  eryilalf  by  evaporatioD,  and  ihe  eititclil  ' 

,  „    rired  or  Diicollne,  may  be  advantiKeoU'ly  amplo^ 

ib...v-.  pra   .ice.    Morphia  may  be  puiified  hom  narCDline  inlb 

.  ute  narct  le  <*  Inroluble  ip  cold  and  very  slightly  solublelDboi 
water,  ll  ■*'  iliea  Id  oil,  etber,  ■nd  (Icohol,  ihe  laller,  Ihsqii 
diiuliidi  ai  »  ■  aolrem  for  it  by  Ihe  nid  ofheat.  It  ilon  w 
potMta  all  proper  lief,  though  ilia  rendered  ioluble  in  <nln  t) 

means  of  .„  rid.  lla  preience  in  en  aqueous  salulion  of  «pm 
■eema  awing  \^»  (tee  acid,  which  M.  Robiquet  imagineB  lo  btHtk'' 
eol  (com  Ihe  meconie.    Like  the  vegelabie  albaiiea,  nitrogei:  MM 

The  u[ip1ei"Br"  -'i—'^'-'iip  n.^B.-iUa  of  opium  are  atlrilwWbj 

Magendle  [o  the  r. ........  -.  •  he  ill  eflect*  of  wbldi,  aHord' 

ing  to  Ihe  eipeiimenta  of  the  lotoglel,  are  in  a  grtat  itfif 

eounteracted  by  acetic  acid.  jIIs,  Ihough  Ihey  require  cqo- 

brmalion,  tender  It  probable  >eiiorily  agsleDed  to  ilie  hlack 

drop' over  l!ie  camuiDD  linc.^  um  of  the  PhaiiDacapcii  ii 

owing  la  tbe  vegetable  aelda  n  ;r  Into  its  compositioa. 

Cinchonia  m      Qutnia. 

The  exitlenee  of  a  diatinct  le  principle  En  ciachoni  taik 

KM  Inferred  by  Dr  Duncan,  jui  ie  year  1S03,  who  Mcnbedto 

il  tbe  febrifuge  rlituta  of  the  ^,....,  -^d  propoaeil  focil  Ihemineoi 
efticAonin*.  Dr  Gomez  of  Liabon,  whose  allentlon  wt<  directed  lo 
the  •uhJBcl  by  the  reaeaichea  of  Dr  Duncan,  succeeded  in  piaruriti; 

eted  in  1B20  by  MM.  Pelletiei  and  Caventau.  It  hasbeen  fully  ulib- 
liahed  by  the  laboutt  of  iho^e  chemiati  thai  ihe  febtldige  piopeny  ol 
bark  is  poaseFsed  by  Iwo  ullialiei,  ihe  cinchonia  ot  cinchonin  of  Di 
Duncan,  and  quinia,  both  of  nhlch  arc  coiAbined  wjlh  kiole  uii 
Theie  principlet,  lhou|;h  very  analoKous,  are  distinctly  diileitati 
■landing  In  the  same  relation  to  each  other  as  potassa  and  aodi.  Tin 
rocmer  cxisia  in  the  Cinchona  condaminea,  or  pate  baik  )  Ihe  latter ii 
piesent  in  the  C.  eordi/alia,  or  yellow  bark  ;  and  they  are  lislh  con- 
nlned  in  tbe  C  abloTtgi/olia,  or  red  haik.  They  were  procimd  bj 
Pelletierand  Caventau  by  s  procem  similar  lo  that  of  M.  Roblquetfu 

propoecd  by  M.  BidalJiecand  M.Vorelont.  From  one  pound  of  yello* 
bark,  M.  Voreton  pracmed  80  grains  of  quinia,  which  is  nearly  1.4  ptr 

Pure' cinchonia  is  while  and  cryalalllne,  requires  2500  tlneiiB 
weigh!  of  bailing  water  for  aolulion,  and  Is  insoluble  in  cold  wiMi' 
I|9  proper  mrnslruum  is  bailing  alcobol;  hut  it  is  dissolved  Inwd 
quantity  by  oils  and  elher.  Its  lasle  Is  bitter,  though  alow  la  bosf 
perceived,  on  account  of  ria  insolubility  ;  but  when  the  alkali  u  ^ 
salved  by  alcohol  or  an  acid,  the  biltemCBs  la  very  powerful,  indK- 
companied  by  Ihe  flavour  of  cinchona  baik.  Its  allniUne  propetlio 
are  exceedingly  well  marked,  since  it  neutralizes  Ihe^ alronged  acidi. 
The  sulphate,  muiiate,  nitrate,  and  ac elate  of  cinchonia  are  aolabkil 
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wmter,  and  die  nriphtte  eryftallixes  hi  wwy  ihoft  ifti-iided  prifBf, 
deriTed  from  an  oblique  rbomboidal  prism.  It  commonly  ocean  fai 
twin  eiysttls.  The  neutral  tartrate,  oxalate,  and  gaUate  of  cinchonie 
nro  imoiuble  in  cold,  but  may  be  diasolved  by  hot  water,  or  1^  alcohol. 
-  Qofnia,  which  wat  discovered  by  Pelletier  and  Caventoo,  does  not 
etystalHze  like  cinchonia  when  precipitated  from  its  solutions,  but  It 
mm  e  white,  porous,  and  rather  flocculent  aspect.  It  is  very  soluble  fai 
•leohol,  forming  a  solution  which  is  intensely  bitter,  and  possesses  a 
dietinct  alkaline  reaction.  Ether  likewise  dissolFOs  it,  but  it  is  almost 
hieolnble  in  water.  Its  febrifuge  virtues  are  more  powerful  than  those 
•f  cinchonia,  and  it  Is  now  estensively  employed  in  the  practice  of 
medicine.  It  is  most  commonly  exhibited  in  the  form  of  the  sulphate, 
n  salt  of  such  activity,  that  three  grains  have  been  known  to  cure  an 
Intermittent  fever.  This  salt,  which  consists  of  90  parts  of  the  alkali 
jmd  10  of  the  acid,  crystallizes  in  delicate  white  needles,  having  the 
appearance  of  amianthus.  It  is  less  soluble  in  water  than  the  sulphate 
of  cinchonia,  but  is  very  bitter.  It  dissolves  readily  in  strong  alcohol 
by  the  aid  of  heat,  a  character  which  affords  a  useful  test  of  its  purity. 
The  analyses  of  different  chemists,  relative  to  the  composition  of 
dnchonia  and  quinia,  do  not  correspond  better  than  those  of  morphia, 
M  appears  by  the  following  results : — 

Pelletier  and  Dwnoi,  Brandt, 


Cinehonia, 

Qainia, 

Carbon     .    76.97 

76.02 

Oxygen   .      7.79 

10.48 

Hydrogen      6.22 

6.66 

Nitrogen        9.02 

8.45 

100.00 

100.56 

Cinehonia, 

Quinia. 

79.80 

73.80 

0.00 

5.55 

7.17 

7.65 

18.72 

18.00 

100.19  100.00 

The  neutral  gallate,  tartrate,  and  oxalate  of  quinia,  like  the  analo- 
gous salts  of  cinchonia,  are  insoluble  in  cold  water. 

From  the  new  facts  which  have  been  ascertained  relative  to  the  con- 
stituents of  bark,  the  action  of  chemical  tests  on  a  decoction  of  this 
substance  is  now  explicable.  According  to  the  analysis  of  Pelletier 
and  Caventou,  the  different  kinds  of  Peruvian  bark,  besides  the  kinate 
of  cinchonia  or  quinia,  contain  the  following  substances :— -a  greenish 
fatty  matter;  a  red  insoluble  matter ;  a  red  soluble  principle,  which  is 
a  variety  of  tannin;  a  yellow  colouring  matter;  kinate  of  lime ;  gum, 
starch,  and  lignin.  It  is  hence  apparent  that  a  decoction  of  bark, 
owing  to  the  tannin  which  it  contains,  may  precipitate  a  solution  of 
tartar  emetic,  of  gelatin,  or  a  salt  of  iron,  without  containing  a  trace 
of  the  vegetable  alkali,  and  consequently  without  possessing  any 
febrifuge  virtues. 

An  infusion  of  gall-nuts,  on  the  contrary,  causes  a  precipitate 
only  by  its  gallic  acid  uniting  with  cinchonia  or  quinia,  and,  there- 
fore, affords  a  test  for  distinguishing  a  good  from  an  inert  variety  of 
bark. 

Strychnia. — Brucia. 

Strychnia, — Strychnia  was  discovered  in  1818  by  Pelletier  and 
Caventou  in  the  fruit  of  the  Stryehnfis  ignatia  and  SIt\)c\y\o«  ivma 
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tvmka,  ind  has  since  beeo  eilracted  by  ihe  tame  chemiit  [lomQN 
Upu.  (Aa.  de  Ch.  et  de  Ph.  voli.  x.  and  xxvi.) 

Hie  moBl  economical  pcocBSS  far  pceparing  this  allnli  )a  that  leow- 
mendsrl  by  M.  Caniol.  (Journal  de  Phatmncie  for  Octobec  ISSt,  p. 
«9a.)  U  coosiets  id  trealiac  nuz  cointea  with  lucceBiive  paitiooi  gf 
cold  water,  evapoiatlng  Ihis  solution  lo  lbs  coDeistence  of  s;n]p,ill 
ptecipilalinc  the  gum,  which  is  present,  by  alcohol.  Tha  al^lulic 
■oluUou  is  then  eTapontei]  lo  the  consilience  of  an  eilrul  bflb 
beitoriwaler-balli.  The  eitiact,  which  coDsUt  almoBt  enlinljgt 
t}M  ipBurate  ofalryehnia,  i»  ilisaoWed  by  cold  waler,  aod  by  tbii  IMUII 
depnved  of  a  lillle  Tatty  matter,  which  had  oti|;ini>11y  been  diiwlitd. 

Erobably  ihrough^the  medium  of  (be  gum.  The  salutioa  i>  atu 
sated,  and  the  strychnia  precipitated  by  a  slight  eicesi  of  lim- 
water,  and  then  dinsolfed  by  boiling  atcohal.  On  erspanting  the 
■pirlt,  the  alliah  !■  obtained  pure,  except  in  contajning  a  Uttla  hradl 
and  colouring  mailer,  both  o(  which  are  ofTectually  cemaTed  b; 
niacetation  iu  dilute  alcohol. 

Slcychnli  i*  vary  soluble  in  boiling  alcohol,  and  is  procured  la 
nUtiula  four-aided  prisma  by  allowing  the  solution  to  afipoistt 
ipoataneouBly.  It  ia  almost  iaaoluble  in  water,  requirin;  norr  '''" 
6000  parla  ol^  cold  and  2500  of  boiliag  water  for  solutioii;  be 
withstanding  lit  iparing  solubility,  <(  excites  an  inauppoilibla  biller- 
neii  in  Ibe  moulh.  Woler  containing  only  l-600,0(>0th  of  itjwiighl 
of  strychnia  haiahittor  taste.  It  has  a  distinct  alkaline  re;"- 
and  oeutraliies  acids,  fomiing  salts,  roost  of  which  are  solubla  ._ 
ter.  It  Is  united  In  the  mix  vomiea  and  St  Ignatius's  bean  wllhin- 
suric  acid.  (Page  441.)  By  the  action  of  strong  nitric  acid,  It  yidifii 
red  colour;  bul  il  appears  probable,  from  some  recent  obserntiiici] 
of  Pelletier  and  Caventou,  that  the  red  lint  is  ontag  to  the  pregeica 
of  some  impurity. 

Strychnia  is  one  of  the  most  virulent  poisons  hitherto  discoieiti!. 
and  is  the  polionoui  principle  of  lb  a  substance  in  which  it  is  coDtiiud. 
[la  energy  is  so  great,  thai  hilf  a  grain  blown  into  the  throat  o(  i  nl)- 
bit  occasioned  death  in  tho  course  of  five  miuules.  Its  operatiDD  ' 
always  accompanied  with  symptoms  of  locked  jaw  aoJ  other  tela; 
affections. 

Strychnia,  according  to  the  analysis  of  Pelletier  and  Dsmu. 
composed  of  TS.2Z  of  carbon,  6.3S  of  oxygen,  6.G4  of  hvdroKD,  uJ 
8.92  of  nilrogan.  J      6    • 

Brueio,— This  alkali  was  discovered  in  the  Bracea  antidmmtaia 
by  Pelletier  and  Cavenlou  soon  after  their  discovery  of  strychmi, 
(An.  de  Ch.  el  de  Ph.  vol,  lii.);  and  it  liliewise  exists  in  small  (| — 
lily  in  Ibe  St  Ignatius's  bean  and  nux  vomica,  la  its  bitter . 
and  poisonous  qualities,  it  is  very  similar  to  strychnia,  bulls  lirsln 
or  slileen  limes  less  energetic  than  that  alkali.  It  is  soluble  bot^ll 
hot  and  cold  alcobol,  especially  in  the  former ;  and  it  crysblliin 
when  its  solution  is  evaporaled.  Even  dilute  alcohol  by  aid  of  W 
dissolves  It,  and  on  this  properly  is  founded  the  method  of  sepaialing 
it  from  strychnia.  It  is  more  soluble  in  waler  than  niasl  of  the  otba 
vegetable  alkalies,  lequiiiug  oitly  3B0  times  its  weight  of  cold,  idI 
600  of  boiling  waler  lor  solulion.  11  is  composed  of  7B,04  ofcarboi, 
>f  oxygen,  6, S2  of  hydrogen,  and  T.23  of  nitrogen. 

'Otria,  Emctla,  P\crrcA,iyt\at%iAA'(AQ.,Q«tieJlta,  ^e> 
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a  Gennan  apothecary,  who  published  an  account  of  morphia  lo  long 
ago  af  the  year  1803 ;  but  the  subject  excited  no  notice  until  the 
publication  of  his  second  essay  in  1816.  The  chemists  who  have 
since  cultivated  this  department  with  most  success  are  M.  Robiquet* 
and  BIM.  Pelletier  and  Caventou. 

All  the  vegetable  allcalies,  according  to  the  researches  of  Pelletier 
and  Dumas,  consist  of  carbon,  hydrogen,  oxygen,  and  nitrogen. 
(An.  de  Ch.  et  de  Ph.  vol.  xxiv.)  They  are  decomposed  with  facil* 
ity  by  nitric  acid  and  by  heat,  and  ammonia  is  always  one  of  the  pro- 
ducts of  the  destructive  distillation.  They  never  exist  in  an  insulated 
state  in  the  plants  which  contain  them  ;  but  are  apparently  in  every 
case  combined  with  an  acid,  with  which  they  form  a  salt  more  or  less 
soluble  in  water.  These,  allcalies  are  for  the  most  part  very  insoluble 
in  water,  and  of  sparing  solubility  in '  cold  alcohol ;  but  they  are  all 
readily  dissolved  by  that  fluid  at  a  boiling  temperature,  being  deposited 
from  the  solution,  commonly  in  the  form  of  crystals,  on  cooling.  Most 
of  the  salts  are  far  more  soluble  in  water  than  the  alitalies  them.selves, 
and  several  of  them  are  remarkable  for  their  solubility. 

As  the  vegetable  alkalies  agree  in  several  of  their  leading  chemical 
properties,  the  mode  of  preparing  one  of  them  admits  of  being  applied 
with  slight  variation  to  all.  The  general  outline  of  the  method  is  as 
follows. — The  substance  containing  the  alkaline  principle  is  digested, 
or  more  commonly  macerated,  in  a  large  quantity  of  water,  which  dis- 
solves the  salt,  the  base  of  which  is  the  vegetable  alkali.  On  adding 
some  more  powerful  salifiable  base,  such  as  potassa  or  ammonia,  or 
bcmiog  the  solution  for  a  few  minutes  with  lime  or  pure  magnesia,  the 
vegetable  alkali  is  separated  from  its  acid,  and  being  in  that  state  inso- 
luble in  water,  may  be  collected  on  a  filter  and  washed.  As  thus 
procured,  however,  it  is  impure,  retaining  some  of  the  other  princi- 

J»les,  such  as  the  oleaginous,  resinous,  or  colouring  matters,  with  which 
t  is  associated  in  the  plant.  To  purify  it  from  these  substances,  it 
should  be  mixed  with  a  little  animal  charcoal,  and  dissolved  in  boiling 
alcohol.  The  alcoholic  solution,  which  is  to  be  filtered  while  hot, 
yields  the  pure  alkali,  either  on  cooling  or  by  evaporation ;  and  if  not 
quite  colourless,  it  should  again  be  subjected  to  the  action  of  alcohol 
and  animal  charcoal.  In  order  to  avoid  the  necessity  of  employing  a 
hrge  quantity  of  alcohol,  the  following  modification  of  the  process 
Biay  be  adopted.  The  vegetable  alkali,  after  being  precipitated  and 
coUected  on  a  filter,  is  made  to  unite  with  some  acid,  such  as  the 
acetic,  sulphuric,  or  muriatic,  and  the  solution  boiled  with  animal 
charcoal,  until  the  colouring  matter  is  removed.  The  alkali  is  then 
precipitated  by  ammonia  or  some  other  salifiable  base. 

Morphia. 

Opium  contains  a  great  diversity  of  different  principles,  among 
which  the  following  may  in  particular  be  enumerated : — morphia, 
meconic  acid,  narcotine,  gummy  resinous  and  extractive  colouring 
matters,  lignin,  fixed  oil,  and  a  small  quantity  of  caoutchouc.  On 
Intcising  opium  in  water,  several  of  these  principles  are  dissolved,  and 
especially  the  meconate  of  morphia,  together  with  narcotine,  which 
is  likewise  rendered  soluble  by  an  acid. 

One  of  the  best  processes  for  preparing  pure  ii\ox^Yv\^\&\Xi'\\.  \^^^\sl* 
mended  by  M,  Robiquet.  (An.  de  Ch.  et  de  PY\.  voV.  n.^  1\i^  twi- 
etBtnted  ia  fusion  of  a  pound  of  opium  is  boWed  lot  ^  ^"diW^t  ^^  ^2& 
hour  with  about  150  grains  of  pure  magneBia,  aud  VYi^  ^tvjv^  ^^** 
ailiae precipitate  ,  which  consists  of  the  meconaile  ol  m^^xieiiva.,  ^^^* 
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Doti.    Tba  preclpt»le  li  while  when  the  solation  li  dilute,  and  pij.    | 
uh  relloir  if  concenlnted.  (Phllos.  MubzIqc  and  AhmIb,  Iv.  153.],     j 

dalania. — The  active  priociple  of  the  Sstonum  dulauim, 
Di  wootly  nightihadfl,  wii  procured  io  a  pute  >t>te  by  DtabiM, 
Thii  compound  ha»  distinct  alliiiiine  pcopertiea,  aod  iscombiDediDlhc 
plant  witli  mitlic  acid.  (Journil  de  Pharmacie,  vol.  vi.  and  vii.) 

CvnQpia.—Piolesaor  Ficioug  of  Dresden  haa  discovered  i  Dtnll- 
kali  ID  the  Mlhtua  Ct/napivm,  oi  leaser  hemlock,  to  which  hch> 
given  Ihe  name  of  C^no^iin.  It  is  cryalBllizablc,  and  soluble  ianle 
and  alcohol,  but  doI  id  e[her.  The  cryslals  are  in  the  Com  of  1  ibB' 
bic  prism,  which  li  ilea  thai  of  the  cryatala  of  the  sulphate. 

Dtlphia.—Tbii  aubstaace  was  diicoveted  in  the  Delphmuaina- 
phyiagria,  or  alavciocrc,  by  MM.  Feneuille  and  Lasaalgne.  llpn- 
Kue*  the  geaerat  cbanccers  of  the  vegetable  alkalies.  (An.  deCh.cl 
de  Ph.  vol.  xii,) 

^Uhca  wBi  announced  by  M.  Bacon  of  Caen  as  ■  new  TcgeUMt 
KlkiOl,  Hid  to  be  procured  fiom  ihe  root  of  the  marsh  mallow,  (Aldiiei 
oSiciDalli.)  According  la  M,  Piiaaon.  this  alkali  has  no  exiilcice,  nd 
what  wai  thought  to  lie  aupetmalale  of  althea  ia  asparagiii, 

Beiidei  Ihe  vegetable  alkaiiea,  already  described,  it  bu  beeana. 
dercd  highly  pfohibU,  chiefly  by  the  researches  of  M.  Brandea,  ibU 
aeveral  other  plants,  such  as  Ihe  Atropa  hetladonna,  CaniHn  iim» 
latum,  Hyaacyamui  ni^er,  Datura  tlTainoniam,t.Tii  3X^Mu,wn 
iheii  aclivily  to  Ihe  preaeace  of  id  alkali. 


It 


Oils. 


Oils  are  charscleriied  by  a  pcculiur  unctuous  feet,  by  ioflamrnbilt. 
andby  inaolubililyin  water.  They  are  divided  into  the  Ried  indnli- 
llle  oils,  Iho  formet  of  which  ate  comparatively  fiied  in  the  fire.ui, 
Iherefore,  give  a  peimanenlly  greasy  alain  to  paper ;  while  Ihe  IWk 
owing  to  ifieir  volabiity,  produce  a  stain  which  disappentB  by  gea* 

Fixed  Oili. — The  fixed  oila  are  usually  coDlnined  in  Ihe  «tSti 
plant!,  IB  for  eiample  in  the  almond,  linseed,  rapeseed,  and  MHl 
seed;  but  olive  oil  is  eitracled  from  Iha  pulp  which  surrounds  v 
stone.  They  are  procured  by  bruisiDg  the  seed,  and  aubjecltallW 
pulpy  matter  to  pressure  in  hempen  bags,  a  gentle  heal  being  «» 
liWj  employed  at  the  same  lime  lo  render  the  oil  more  limpid. 

Filed  oils,  Ihe  paim  oil  excepted,  are  Quid  at  common  IcmperalDna  I 
are  nearly  inodorous,  and  have  lit  lie  lasle.  They  are  lighter  than  ■-  ' 
'er.  their  dCD^ty  in  general  varying  from  0.9  lo  0.96.  They  are 
nonty  of  a  yellow  colour,  bill  may  be  rendered  nearly  or  quite  conwr  j 
■^^^l  "v  ■■''^°"  °^  """"''  charcoal.  At  or  near  the  tempentun  of  1 
^22_F.  Vh«v  Vic%«ilQ\Ki\\,\™\»MSaiv«<\**«««w)w'-  ■■  -    ' 
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IIm  ottwr  produets  of  the  destnietiTe  distillation  of  Tog^table  rab- 
■tueet;  tod  in  the  open  tir  they  bfom  with  a  clear  white  light,  and 
formatiiin  of  water  and  carbonic  acid.  They  mav  hence  be  employed 
for  the  pnrposea  of  artificial  iUomination,  as  well  in  lamps,  as  for  the 
mannfacture  of  gas. 

Fixed  oils  undergo  considerable  change  by  exposure  to  the  air.  The 
rancidity  which  thra  takes  place  is  occasioned  by  the  raacilaginoos 
matters  which  they  contain  becoming  add.  From  the  operation  of 
the  same  cause,  they  gradually  lose  troir  limpidity,  end  some  of  then, 
which  are  hence  ttAM  drying  oils,  become  so  dry,  that  they  no  longer 
feel  unctuous  to  the  touch  nor  give  a  stain  to  paper.  This  property, 
for  which  linseed  oil  is  remarkable,  may  be  communicated  quickly  by 
heating  the  oil  in  an  open  vessel.  The  drjring  oils  are  employed  for 
making  oil  paint,  and  mixed  with  lampblack  constitute  printers'  Ink. 
During  the  pcocess  of  drying,  oxygen  is  absorbed  in  considerable 
quantity. 

The  absoiption  of  oxygen  by  fixed,  and  especially  by  drying  oils,  is 
under  some  circumstances  so  abundant  and  rapid,  and  accompanied 
with  such  free  disengagement  of  caloric,  that  light  porous  combustible 
materials,  such  as  lampblack,  hemp,  or  cotton-wool,  may  be  kindled 
by  it.  Substances  of  this  kind,  moistened  with  linseed  oil,  have  been 
BDOwn  to  take  fire  during  the  space  of  24  hours,  a  circumstance  wiiich 
has  repeatedly  been  the  cause  of  extensive  fires  in  warehouses  and 
in  cotton  manufactories. 

Fixed  oils  do  not  unite  with  water,  but  they  may  be  permanently 
suspended  in  that  fluid  by  means  of  mucilage  or  sugar,  so  as  to  con- 
stitute an  emtihion.  They  are  for  the  most  part  very  sparingly  solu- 
ble in  alcohol  and  ether.  Strong  sulphuric  acid  thickens  the  fixed  oils, 
and  forms  with  them  a  tenacious  matter  like  soap ;  and  they  are  like- 
wise rendered  thick  and  viscid  by  the  action  of  chlorine.  Concen- 
trated nitric  acid  acts  upon  them  with  great  energy,  giving  rise  in 
some  instances  to  the  production  of  flame. 

Fixed  oils  unite  with  the  common  metallic  oxides.    Of  these  com- 

Cnds,  the  most  interesting  is  that  with  the  oxide  of  lead.  When 
eed  oil  is  heated  with  a  small  quantity  of  litharge,  a  liquid  results 
which  is  powerfully  drying,  and  is  employed  as  oil  varnish.  Olive 
oil  combined  with  half  its  weight  of  litharge  forms  the  common  dia- 
chylon plaster. 

The  fixed  oils  are  readily  attacked  by  alkalies.    With  ammonia,  oil 
forms  a  soapy  liquid,  to  which  the  name  of  volatile  liniment  is  ap- 
plied.   The  fixed  alkalies,  boiled  with  oil  or  fat,  give  rise  to  the  soap 
employed  for  washing,  the  soft  inferior  kind  being  made  with  potassa, 
and  the  hard  with  soda.    The  chemical  nature  of  soap  has  of  late 
vears  been  elucidated  by  the  labours  of  M.  Chevreul.    This  chemist 
has  found  that  fixed  oils  and  fats  are  not  pure  proximate  principles, 
but  consist  of  two  substances,  one  of  which  is  solid  at  common  tem- 
peratures, while  the  other  is  fluid.    To  the  former  he  has  applied  the 
name  of  stearine  from  o-rtct^  suet,  and   to  the  latter,  elaine  from 
fXflt/or  oil.     Stearine  is  the  chief  ingredient  of  suet,  butter,  and  lard, 
and  is  the  cause  of  their  solidity;  whereas  oils  contain  a  greater  pro- 
portional quantity  of  elaine,  and  are  consequently  fluid.    These  prin- 
ciples may  be  separated  from  one  another  by  exposing  fixed  oil  to  a 
low  temperature,  and  pressing  it,  when  cougeaVed,  V^^Vn^^xi  \^\<&  ^^. 
bibulous  paper.    The  stearine  is  thus  obtained  \ti  ^  ««^t^V.^  \»t\&>\ 
and  by  pressiDg  the  bibulous  paper  under  waler^tiTi  oW'^  taaXXex  V^  ^^^* 
cured,  which  is  elkiae  in  a  state  of  purity.    TYv»  v^vicxv^^  Na  ^^'^'^^ 
liaHy  Gtted  for  gresksing  the  wheels  of  watciies,  ot  oV\iex  ^t\\t?w\fe^s 
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(inea  il  doei  tial  thicken  or  become  rancid  bjr  eipown  U 

.  inil  requiiei  i  cold  of  *boi)t  30°  F,  Tar  coo^ElaUon.     la  tbi 

rocmilian  of  snap,  the  MeBcine  ind  elaine  disappesi  Boliiely,  being  cm- 
vartml  by  a  change  in  Ihe  amngemenl  or  iheir  elemeats  iou  dra 
compounds,  )o  nbicfa  M,  Chevreul*  fau  applied  Ihe  names  of  nor- 
Mrie  anil  nFcic  acids,  and  glycenric.  The  tno  acids  enter  ialo  en- 
bioalion  with  the  allcali  employed,  and  Ihe  cesultiog  compmnid ii 
wap.  A  iilmibr  change  appears  to  be  effecled  by  the  acUoa  nolEitl; 
of  Iha  alkaline  eiiiha,  bul  o!  aeTeial  of  (he  other  metallic  oiida. 

Soap  li  decainposed  by  acids,  and  by  eatUiy  and  mosl  metallic  <llU> 
Od  miilnji  [Duiiale  of  lime  nhh  a  selulipD  of  soap,  amuciatesf^ 
alkali  u  produced,  and  Ihe  lime  foriDS  an  iasaluble  compound  iiilli 
lb«  marptaric  and  oleic  aclda,  A  umilar  change  ensues  wbeu  inll 
of  lead  il  employed, 

Accoidlnj(  to  Ihe  analyiis  of  Gay-Lusaac  and  Tbenatd,  lOD  puttol 
olive  oil  coni>lsl  or  carbon  TT.2I3,  oiygen,  9,427,  and  hydrogen  I&M 
From  Ihese  proporliona.  It  is  inferred  ihal  olive  oil  contajna  tea  aifi- 
valenls  ol  carbon,  one  of  oxygen,  and  eleven  of  hydrogen- 

Volatite  Oil).— Aromatic  plants  owe  Iheir  flavour  lo  tbe  preMnn 
of*  V0lari[<  or  caimlialail,  which  may  be  obtBioed  by  disTiUtlioii, 
iralet  being  pul  inio  iheatill  aloni  with  the  plant,  in  oiderla  pieveal 
Ihs  latter  from  being  burned.  The  oil  and  waler  pasi  OTerinla  the 
leelplent,  and  the  oil  collects  at  the  bo  i  to  id  or  Ihe  surface  olUnmln 
accordlnft  lo  ils  denaily. 

Eaaeiillil  oils  have  a  psoettating  odour  and  acrid  lasle,  nhich  in 
often  pleaasnl  when  aufficlcnily  diluled.  They  aie  soluble  ia  alcsluil, 
Ibouitb  in  diffeienl  proportions.     They  are  not  appreciably  diiwlnd 

SF  wBlar)  but  IhalHuld  acquJies  the  odour  of  Ihe  oil  wilb  whkh  Ufa 
■tilled.     With  the  fixed  oils  they  unite  in  every  proportion,  ad  ue 
aomelimes  adulleiaied  with  them,  an  imposiiian   easily  deimrdb; 
tbe  miied  oil  causing  on  paper  a  groBsy  slain  which  is  not  reruorH)  l^ 
heal. 
Volatile  oils  bum  In  (he  open  e 

sole  products  of  the  combuation  .. 

eipoaure  to  Ihe  atmasphere,  they  eredually  abf  orb  a  large  quintily  tl 
oxygcti,  in  consequence  ornhich  tbey  become  thit:k,  and  aieatlnglb 
conveiledlmo  a  aubatance  resembling  resiii.  ThischBDge  ia  reodBitd 
more  rapid  by  the  agency  of  light. 

0(  tha  acids,  [he  action  of  atroag  nilric  acid  on  volatile  oila  Is  lb 
rooat  energellc,  being  often  altended  with  vivid  combustioD,— d 
effect  which  la  rendered  more  certain  by  previously  adding  lolhaoitdc 
«  few  drops  of  sulphuric  acid. 

Volatile  oils  do  not  Unite  readily  wilb  melallir:  oxides,  and  are  alMct 
ed  with  difficully  even  by  (he  alkalies.  The  aubslance  called  Slarkaf't 
■oap  Is  maile  by  triluralini  oil  of  turpentine  with  an  alkali. 

Volatile  oils  disaolva  BDlpbur  In  large  quantity,  forming  a  deep  broin 
coloured  liquid,  called  iialsam  qf  sulphur,  The  aolullon  ia  best  mtit 
by  boiling  Bowers  of  sulphur  in  spirit  of  (urpeutine.  Phoaphorua  ma 
likewiaebe  dissolved  by  Ihe  same  menstruum. 

Themoal  inlerestjng  of  the  essential  oils  are  those  of  InrpeotlM, 
caraway,  cloves,  peppermint,  nulnieg,  nnise,  lavender,  cinaaaion, 
cilroo,  and  chamomile.  Of  these  the  most  important  ia  the  finl, 
wnich  is  much  employed  in  the  preparation  ofvarniahes.  and  for  soma 
"""-al  «iid  cViemicBV  vrnvoia*.   WSi  ^otMiei  t^  d,-igtHlioj  conunon 
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tnrpenthie;  tod  when  purified  by  a  second  distillation,  it  is  sptrif  or 
eMBemee  of  turpentine. 

Common  oil  of  turpentine  is  inferred  by  Dr  Ure  to  consist  of  four- 
teen equivalents  of  carbon,  one  of  oxygen,  and  ten  of  hydrogen*. 
According  to  M.  Houton  Labillardi^re,  the  purified  oil  contains  no 
oxygen,  but  is  composed  of  carbon  and  hydrogen  in  such  proportions, 
tfiat  one  volume  of  its  vapour  contains  four  volumes  of  olefiant  gas, 
ind  two  volumes  of  the  vapour  of  carbonf. 

CampTutr, — ^This  inflammable  substance,  which  in  several  respects 
is  closely  allied  to  the  essential  oils,  exists  ready  formed  in  the  Laurus 
eamphora  of  Japan,  and  i^  obtained  from  its  trunk,  root,  and  branches 
by  sublimation. 

Camphor  has  a  l>ltterish,  aromatic,  pungent  taste,  accompanied  with 
a  sense  of  coolness.  It  Is  unctuous  to  the  touch,  and  brittle  ;  but  it 
possesses  a  degree  of  toughness  which  prevents  it  from  being  pulveriz- 
ed with  facility.  It  is  easily  reduced  to  powder  by  trituration  with  a 
few  drops  of  alcohol.  Its  specific  gravity  is  0.988.  It  is  exceedingly 
volatile,  being  gradually  dissipated  in  vapour  if  kept  in  open  vessels. 
At  288^  F.  it  enters  into  fusion,  and  boils  at  400''  F. 

Camphor  is  insoluble  in  water ;  but  when  triturated  with  susar,  and 
then  mixed  with  that  fluid,  a  portion  is  dissolved  sufficient  lor  com- 
municating its  flavour.  It  is  dissolved  freely  by  alcohol,  and  is  thrown 
down  by  the  addition  of  water.  It  is  likewise  soluble  in  the  fixed  and 
volatile  oils,  and  in  strong  acetic  acid.  Sulphuric  acid  decomposes 
camphor,  converting  it  into  a  substance  like  artificial  tannin.  (Mr 
ELatchett.)    With  the  nitric  it  yields  camphoric  acid. 

Camphor,  according  to  the  analysis  of  Dr  Ure,  appears  to  consist  of 
ten  equivalents  of  carbon,  one  equivalent  of  oxygen,  and  nine  equiva- 
lents of  hydrogen. 

On  transmitting  a  current  of  dry  muriatic  acid  gas  through  the  puri- 
fied oil  of  turpentine,  surrounded  by  a  mixture  of  snow  and  salt,  a 
quantity  of  gas  is  absorbed  equal  to  one-third  of  the  weight  of  the  oil ; 
and  a  white  crystalline  substance,  very  similar  to  camphor,  is  generat- 
ed. This  matter  was  discovered  by  Kind,  and  has  since  been  studied 
by  Trommsdorf,  Gehlen,  and  Thenard.  The  last  chemist  maintains 
ml  this  peculiar  substance  is  a  compound  of  turpentine  and  muriatic 
acid,  a  view  which  is  supported  by  the  researches  of  M.  Houton 
I^billardl^re. 

Coumarin. — ^This  name  was  first  ap))lied  to  the  odoriferous  prin- 
ciple of  the  Tonka  bean  by  M.  Guibourt,  and  has  since  been  adopted 
1^  MM.  Boullay  and  Boutron-Chariard.  (Journal  de  Pharmacia  lor 
Octol>er  1825.)    It  Is  derived  from  the  term  Coumarouna  odarata, 
given  by  Stublet  to  the  plant  which  yields  the  bean. 

Coumarin  is  white,  of  a  hot  pungent  taste,  and  distinct  aromatic 
odour.  It  crystallizes  sometimes  in  square  needles,  and  at  other 
times  in  short  prisms.  It  Is  moderately  hard,  fracture  clean,  lustre 
considerable,  and  density  greater  than  that  of  water.  It  fuses  at  a 
moderate  temperature  into  a  transparent  fluid,  which  yields  an  opake 
emtalline  mass  on  cooling.  Heated  in  close  vessels,  it  Is  sublimed 
without  change.  It  is  sparingly  soluble  in  water ;  but  is  readily  dis- 
solved by  ether  and  alcohol,  and  the  solutions  crystallize  by  spon  ta- 
neoos  evaporation.    It  is  very  soluble  In  fixed  and  volatile  oils. 

M.  Vogei  mistook  coumann  for  benzoic  aeVd;^  WV  'MQ^.  '^u>^v) 


•  Phf/osophical  Transactions,  Cot  V%^*^« 
t  Journal  de  Pharmacie,  vol.  W, 


454  Resin*. 

tMi  Baulran-ChulMd  m^niiin.  thxl  it  hm  neither  ao  uid  noi  lUoIiia 
(Mclion.  "id  Ihal  it  it  >  pecuUai  indepeodeut  prlDciple,  neaily  alGedn 
tha  cMenttal  oils.  Theie  cherabla  did  oat  find  anj  twDzoic  uid  a 
iba  Toulu  bean,  and  coD*id«r  cojmarin  as  the   aols  caU96  of  ia 

Rcaint  are  tlie  loipiNated  jukea  of  plmti,  and  commaiilx  Mm 
eilber  pure  or  in  coQibloaliDn  wilh  an  easealial  oil.  They  an  uU 
■I  cemiDDn  tempetaturei,  brittle,  inoilorous,  and  insipid.  Thtj  lO 
noU'CODduclor*  of  elcclricity,  and  when  rubbed  become  oeplinlr 
cieclric.     They  are  leociilly  of  a   yellow  colour,   and  serai-IB"- 

Resins  are  Tuaed  by  the  applicatiaik  a(  heat,  and  by  a  illU  ii^     ' 
Itmpeialure   ir«  decomposed.     In  close   vessels    they   yield  eBR- 
leumalic  oil,  and  a  large  qiiialily  of  catburelled  hydrO:geD,  i  imill  H' 
■idue  of  charcoat  rsmaialng.     lu  Ibe  open  air,  ihey  burn  wilh  lyeDn 
flame  and  much  enioite,  being  ;eaa!ved  ialo   carbtjoic  acid  ni  Wr- 

Be«at  are  diBsalved  by  alcotiol,  elher  and  the  esaeolial  o'>>>  '"i 
the  ikohollcand  ethereal  solutions  are  precipitated  by  wKu.lSuld 
In  wbleh  Ihey  aie  quite  inaoluble.  Their  beat  solvent  ia  pun  t"'^ 
■nd  aodn,  and  ihey  ace  also  aolutile  in  alkaline  carbonalea  by  lbs  yAa 
heal.  The  product  ia  in  each  case  a  soapy  compound,  nhidtiioo- 
composed  by  id  acid. 

Concenlralcd  lulphuric  acid  diasalvea  regin^  ;  but  lbs  acid  atillH 
ra«oa  mulually  decompose  e>cb  oiber,  with  disengageoieDt  of  nt- 
phuroiu  acid,  and  depagltion  or  charcoal.  Nitric  aciJ  acts  upon  ibw 
with  violence,  canvertinK  them  into  a  species  of  tannin,  Hbicbm 
ditcoTeced  by  Ur  Halchelt.    No  oxalic  acid  is  fariued  duiili  ^ 

The  uses  of  reaiu  are  various.  Melted  with  wax  and  oil,  aiai 
conatitule  ainlmeots  and  plasters.  Combined  with  oil  oi  aleotuiEi 
they  form  dilTerent  kinds  of  oil  and  spirit  varnish.  Sealine-iru  l> 
composed  of  lac,  Venice  turpentine,  and  common  resin,  lie  conk 
posllioQ  ia  coloured  black  by  means  of  lampbUck,  or  rnd  by  cinnlu' 
or  red  lesd.     Lampblack  ia  the  aoot  of  Imperfectly  burned  raiiD. 

or  the  diRerenl  reaiaa  the  most  important  are  common  reain.  coplli , 
lac,  saudarach,  maatich,  elemi,  and  diagon's  blood.  The  Gcalisp'O' 
cured  by  heating  turpentine,  wblch  conaials  or  oil  of  turpentine  U>1 
reain,  eo  aa  to  expel  the  Yolatile  oil.  The  comraon  turpeoliae,  ob- 
tained by  incisions  made  In  the  trunk  of  the  Scotch  fir  Iree,  {Pitl" 
aytaeitnt)  is  employed  for  this  purpose  ;  but  the  other  klndi  of  tm- 
pentine,  such  as  the  Venice  lurpenline,  that  frara  the  larch,  (P»W 
larix,]  tlie  Canadian  turpentine  from  the  Pinut  baliaTHea,  ei  lb> 
Straaburgh  lutpentioe  from  the  Piaui  pUea,  yield  resin  by  a  siuilU' 
lieatment. 

When  turpentine  ia  eilracled  from  (he  wood  of  the  fir  Ires  bj 
heat,  partial  decomposition  enaues,  and  a  dark  substance,  cenrillicg 
of  resin,  empyreiimatic  oil,  and  acetic  acid  is  the  product.  This  eon- 
■lilulea  lar ;  and  when  inapisaated  by  boiling,  it  forms  pitch.  CamniMI 
rerin  fuiea  at  276"  F,  is  comptelely  liquid  at  306",  and  at  about  SIS', 
bubble!  of  ipsGOUB  maUei  bsck^^,  ^Vw^  «ie  to  the  appeacaaee  of 
Bbutlilion.      At  a  led  heat.tt  \»  (mVvwX^  ^won.'^ww^,  ^\*M&b!V*  '— 

Qnanllly  of  CombuaHWe  B»a.*ft«^\»e«'?'«>l''^^™'*>*  V" 

tlficf*!  illumioiUon.  tP>«B^^-'l 


n  v^sve^^l^ 
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Soniidenble  uncertainty  prevtils  as  to  the  compoaitioD  of  common 
n,  ae  will  appear  by  the  following  statement : — 

Oay'Lussac  and  Thaiard*  ITiomson.  Ure. 

Carbon            76.944  63.16  76.00 

Oxygen           13.337  26.26  12.60 

Hydrogen       10.719  11.69  12.60 

100  100  100 

^snher, — ^This  subttance  is  found  chiefly  on  the  coast  of  Prussia, 
>nia,  Pomerania,  and  Denmark,  occurring  sometimes  on  the 
«,  and  sometimes  in  beds  of  bituminous  wood.  It  is  undoubted^ 
egetable  origin,  and  has  the  general  properties  of  a  resin ;  but  it 
t§  from  resinous  substances  in  yielding  succinic  acid,  when  heat- 
1  close  vessels. 

aUams. — ^The  balsams  are  native  compounds  of  resin  and  ben- 
acid,  and  issue  from  incisions  made  in  the  trees  which  contain 
Q,  io  the  same  manner  as  turpentine  from  the  fir.  Some  of  them, 
i  as  storaz  and  benzoin,  are  solid ;  while  others,  of  which  the 
una  of  Toln  and  Peru  are  examples,  are  viscid  fluids. 
wun'Tesku, — The  substances  to  which  this  name  is  applied  are 
MDcrete  juices  of  certain  plants,  and  consist  of  resin,  essential  oil, 
,  and  extractive  vegetable  matter.  The  two  former  principles  are 
ble  in  alcohol,  and  the  two  latter  in  water.  Their  proper  solvent, 
3fore,  is  proof  spirit.  Under  the  class  of  gum-resins  are  compre- 
led  several  valuable  medic  ines,  such  as  aloes,  ammonlacum,  as- 
tida*  euphorbium,  galbanu  m,  gamboge,  myrrh,  scammony,  and 
icum. 

lautehaue,  commonly  called  elastic  gum  or  Indian  rubber,  is  the 
;rete  juice  of  the  Htevea  caoutchouc  and  Jatropa  elastica,  natives 
oath  America,  and  of  the  Ficus  indica  and  Artocarpus  integrU 
;,  which  grow  in  the  East  Indies.  It  is  a  soft  yielding  solid,  of  a 
lah  colour  when  not  blakened  by  smoke,  possesses  considerable 
city*  and  is  particularly  remarkable  for  its  elasticity.  It  is  inflam- 
,e,  and  burns  with  a  bright  flame.  When  cautiously  heated,  it 
I  without  decomposition.  It  is  insoluble  in  water  and  alcohol ; 
t  dissolves,  though  with  some  difficulty,  in  pure  ether.  It  is  very 
ngly  dissolved  by  the  alkalies,  but  its  elasticity  is  destroyed  by  * 
action.  By  the  sulphuric  and  nitric  acids  it  is  decomposed,  the 
er  causing  deposition  of  charcoal,  and  the  latter  formation  of  oxalic 

loutchouc  is  soluble  in  the  essential  oils,  in  petroleum,  and  in 
jut  oil;  and  may  be  procured  by  evaporation  from  the  two  latter 
out  loss  of  its  elasticity.  The  purified  naphtha  from  coal  tar  dis- 
ss it  readily,  and  as  the  solvent  is  cheap,  and  the  properties  of 
caoutchouc  are  unaltered  by  the  process,  the  solution  may  be 
reniently  employed  for  forming  elastic  tubes,  or  other  apparatus 
similar  kind.  It  is  used  by  Mr  Mackintosh  of  Glasgow  for  cover- 
sloth  with  a  thin  stratum  of  caoutchouc,  so  as  to  render  it  imper- 
ble  to  moisture.  This  property  of  coal  naphtha  was  discovered 
Ir  James  Syme,  Lecturer  on  Surgery  in  Edinburgh.  (Annals  of 
osophy,  vol.  xii.*) 

Dr  J.  K.  Mitchell,  Lecturer  on  ChemwtTV  vn  V\\fe  "^VW^^^^Jtvv^ 
cmI  Institute,  has  discovered  a  mode  of  iwaVw^^Yi^eV^^LOMXOcvoxiR.^ 
I  poBseaaes  remarkable  properties.     It  la  pvc^aixe^  V^  ^o-a^K^^' 
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wHiui  •!.  |n>n.iM«d  mdar  Iba  mae  «lrcumBisDre>  rrom  otl.   Aiil   ' 

boni  wllh  •  ciMf  whfta  llcht,  il  U  employed  fo.  rormme  randlw.         | 

W»  ttliMolubte  lD«iIer,indlB  only  rpaiingly  Ji»solced  bybgUiH    | 

•kohot  or  ether,  Iroiii  which  Ihe  greiter  pari  is  deposiied  oo  codScf.   I 

Ihe  ciOotchDue  in  ether  unUl  «oft,  whkh  K'H'^'atly  lequircf  eifht» 
1«D  haun,  and  id  (bit  itale,  cutting  It  into  pliit's  or  .-liet'Lt  niihmM 
knile,  or  ■[retchiog  i[  lo  uiy  deaired  de^mc  of  iliimiL'.^c.  [i  baeiol 
ihis  lubiUnce  Irs  empiayed,  Ibey  tnRy  be  cipauded  by  nmattlif 
brealb  to  the  lize  ol  between  two  and  three  leet  in  diamelar,  ladte 


liderable  ■Irenfith  and  (eoacily.  WheD  two  ptecei  are  iaid  lofllkf 
and  cut  with  aciasora,  the  cut  edges  adhere  nilh  eoruldeitble  bci> 
and,  indeed,  after  Boioe  boura'  miceratioa,  unite  u  itronv ly  M  At 
real  of  the  sheet.  In  Ihli  way,  lubei,  baga,  aocka,  capa.fccta* 
water  and  air-tight  mayba  formed. 

The  pioperliea  of  this  preparaliou  are  very  almitar  to  (hoia  of  lb 
■bee I- caoutchouc,  made  by  Mr  Hancock  of  LoDdon.  Thli  naDOMl 
conceals  hia  procesa  ;  but,  en  the  contrary,  Dr  Milchall  wItbM  M 
mode  of  treating  ihe  subglance  10  be  generaily  known. 

Dr  Mitchell  has  alao  diacoverad  s  good  aolveat  for  caoDldWDC  i 
UiatheessentiaJoilof  eaaaafra a,  acting  oo  the  aubvlance  afkritkH 
beeoaafiened  hy  ether.  A  solution  of^  il  in  thia  oU,  applied  to  gta  I 
or  porcelain,  will  form  upon  drying  a  thin  pellicle  of  pur«  caonldwM,  ' 
Which,  by  weti,\n<,\t«u\iDU«,c»nbe  (e^araied  ill  Iba  form  «(a 
Mnet.  ApptwA  Id  ftio  wuVuu  o^  Vi\Ti  m  cwi  <Li«*j»rii«vu  (t  eawM  I 
*<»>r  film  and  \niepuib\a  »&Vintm.  Ilwiosn^  I«*n>rrf  qM.Vik.  - 
'Pfc»rmaea,Jon.\eaB-'a- 
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tt  is  readHy  attacked  by  the  fixed  alkalies,  beinf;  converted  into  a 
voap  wfafoh  is  salnble  in  hot  water.  It  unites  by  tbe  aid  of  heat  in 
every  proportion  with  the  fixed  and  volatile  oils,  and  with  resin.  With 
"different  quantities  of  oil,  it  constitutes  the  simple  liniment,  ointment, 
and  cerate  of  the  -pharmacopoeia. 

Wax,  according  to  the  observations  of  John,  consists  of  two  diffei^ 
«nt  principles,  one  of  which  is  soluble,  and  the  other  insoluble  in  al- 
cohol. To  tiie  former  he  has  given  the  name  of  cerin^  and  to  the 
latter  of  myriein.  From  the  ultimate  analysis  of  Dr  Ure,  whose  re- 
sult corresponds  closely  with  that  of  Gay-Lussac  and  Thenard,  100 
parts  of  wax  are  composed  of  carbon  80.4,  oxygen  8.S,  and  hydrogen 
11.-34  from  which  it  is  probable  that  it  consists  of  thirteen  equivalents 
of  the  first  element,  one  equivalent  of  the  second,  and  eleven  equiva- 
lents q{  the  third. 

Alcohoh 

Alcohol  18  (be  Intoxicating  ingredient  of  all  spiritmnis  and  vinous 
liquors.  It  does  not  exist  ready  formed  in  plants,  but  is  a  product  of 
the  vinous  fermentation,  the  theory  of  which  will  be  stated  in  a  sub- 
sequent section. 

Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling  whisky 
t>r  some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  procured  by  a 
second  distillation.  The  first  has  a  specific  gravity  of  about  0.867,  and 
the  last -of  0.835  or  0.84.  In  this  state  it  contains  a  quantify  of  water, 
from  which  it  may  be  freed  by  the  action  of  substatfces  whioh  have  a 
strong  affinity  for  that  liquid.  Thus,  when  carbonate  of  potassa, 
heated  to  about  800°  F.,  is  mixed  with  spirit  of  wine,  the  alkali 
unites  with  (he  water  forming  a  dense  solution,  which  on  standing, 
separates  from  the  alcohol,  so  that  the  latter  may  be  removed  by  de- 
csntation.  To  the  alcohol,  thus  deprived  of  part  of  its  water,  fresh 
poilioDs  of  the  dry  carbonate  are  successively  added,  qntil  it  falls 
-through  the  spirit  without  being  moistened.  Other  substances  which 
have  a  powerful  attraction  for  water,  may  be  substituted  for  carbon- 
ate of  potassa.  Gay-Lussac  recommends  the  use  of  pure  lime  or  ba* 
lyta;;  (An.  de  Ch.  vol.  Ixxxvi.)  and  dry  alumina  may  also  bo  employed 
with  advantage.  A  very  convenient  process  is  to  mix  the  alcohol 
with  chloride  of  calcium  in  powder,  or  with  quicklime,  and  draw  off 
ihe  stronger  portion  by  distillation.  Another  process  which  has  l>eeo 
lecommended  for  depriving  alcohol  of  water  is  to  put  it  into  the  blad- 
der of  an  ox,  and  suspend  it  over  a  sand  bath.  The  water  gradually 
passes  through  the  coats  of  the  bladder,  while  the  pure  alcohol  is  re- 
tained ;  but  though  this  method  answers  well  for  strengthenirig  weak 
spirit,  its  power  of  puiifying  strong  alcohol  is  very  questionable. 
(Journal  of  Science,  vol.  xviii.)  The  strongest  alcohol  which 
can  he  procured  by  any  of  these  processes  has  a  specific  gravity  of 
0.796  at60°F.  This^  is  called  o^soZute  alcohol,  on  the  supposition 
of  its  being  quite  free  from  water. 

An   elegant  and  easy  process  for  procuring  absolute  alcohol  has 
lately  been  proposed  by  Mr  Graham.  (Edinburgh  Philos.  Trans,  for 
1828.)  A  large  shallow  basin  is  covered  to  a  small  depth  with  quick- 
lime in  coarse  powder,  and  a  smaller  one  containing,  thve^  ^\  ^^vSiX 
ounces  of  commercial  alcohol  Is  supported  jusl  above  \\..    T\v]b  V9\i^\^ 
i$pUeed  upon  the  plate  of  an  air-pump,  covered  by  «i\on«  Tfet«vN«t,"wAj 
tite  nir  withdrawn  until  the  alcohol  evinces  8\gfvs  o^    eb\3^\>A^^«    ^ 
the  miogled  vapours  of  water  and  alcohol  w\\icV\  fiVV  xVv^i  xfece\N«.^»'^ 
former  atone  is  absorbed  by  the  quickUme.   ^\u\e  V\\e  \^VVe\\*>a.v 
O  o  -»  » 


^ 
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of  aleoatei,  Theie  tre  formed  by  ditsolFiDg  the  subatances  in  abso- 
lute ticobol  by  means  of  heal,  when  on  cooling  a  group  of  crystals 
more  or  less  irregular  is  deposited.  The  salt  and  alcohol  employed 
for  the  purpose  should  be  quite  anhydrous ;  for  the  crystallization  is 

Srevented  by  t  very  small  quantity  of  water.  Estimating  the  com- 
ining  proportion  of  alcohol  at  23,  the  alcoate  of  chloride  of  calcium. 
is  composed  of  one  equivalent  of  chloride  of  calcium,  and  three  equiv- 
alents and  a  half  of  alcohol.  Nitrate  of  magnesia  crystallizes  with 
nine  equivalents  of  alcohol;  nitrate  of  lime  with  two  and  a  half  equiv- 
alents ;  protocbloride  of  manganese  with  three  equivalents ;  and  chlo- 
ride of  zinc  with  half  an  equivalent  of  alcohol. 

The  conftitution  of  alcohol  has  been  ably  investigated  by  M.  Saus- 
sure,  jun.  (An.  de  Ch.  vol.  Ixxxix.)  According  to  his  analysis,  which 
was  made  by  transmitting  the  vapour  of  absolute  alcohol  through  a 
red-hot  porcelain  tube,  and  examining  the  products,  this  fluid  is  com- 
posed of  carbon  61.98,  oxygen  34.32,  and  hydrogen  13.70.  From 
these  data,  alcohol  is  inferred  to  consist  of 

Carbon,  .        .     12      two  equivalents    .        .     52.17 

Oxygen,  .        .      8      one  equivalent      .        .    34.79 

I^drogen,       .        .      3      three  equivalents  .    13.04 

23  100.00 

These  numbers,  it  is  obvious,  are  in  such  proportion  that  alcohol 
nay  be  regarded  as  a  compound  of  14  parts  or  one  equivalent  of  de- 
fiant gas,  and  9  parts  or  one  equivalent  of  water.  Hence  the  equiva- 
lent of  alcoholis  28. 

Knowing  the  composition  of  alcohol  by  weight,  it  is  easy  to  calco- 
late  the  proportion  of  its  constituents  by  measure.  For  this  purpose 
It  is  only  necessary  to  divide  14  by  0.972,  (the  sp.  gr.  of  defiant  gas) 

'  and  9  by  0.625,  (the  sp.  gr.  of  aqueous  vapour);  and  as  the  quotients 
are  very  nearly  equal,  it  follows  that  alcohol  must  consist  of  equal 
measures  of  aqueous  vapour  and  olefiant  gas.  It  is  inferred,  also,  that 
these  two  gaseous  bodies,  in  uniting  to  form  the  vapour  of  alcohol, 

'  occupy  half  the  space  which  they  possessed  separately ;  because  the 
densit}'  of  the  vapour  of  alcohol,  as  calculated  on  this  supposition, 

'  (0.9722+0.625 s=  1.5972)  corresponds  closely  with  1.613,  the  number 
which  was  ascertained  experimentally  by  Gay-Lussac. 

Considerable  uncertainty  prevailed  a  few  years  ago  as  to  the  state 
in  which  alcohol  exists  in  wine.    Some  chemists  were  of  opinion  that 
it  Is  generated  by  the  heat  employed  in  the  distillation ;  while  others 
thought  that  the  alcohol  is  merelv  separated  during  the  process.    This 
question  was  finally  determined  by  Mr  Brande,  who  made  it  the  sub- 
ject of  two  essays  which  were  published  in  the  Philosophical  Trans- 
actions for  1811  and  1813.     He  there  demonstrated  that  the  alcohol 
exists  ready  formed  in  wine,  by  separating  that  principle  without  the 
aid  of  beat.    His  method  consists  in  precipitating  the  acid  and  ex- 
tiactive  colouring  matters  of  the  wine  by  the  subacetate  of  lead,  and 
then  depriving  the  alcohol  of  water  by  dry  carbonate  of  potassa,  in  the 
way  already  mentioned.    The  pure  alcohol,  which  rises  to  the  surface, 
te  tfien  measured  by  means  of  a  narrow  graduated  glass  tube.     The 
same  fact  has  since  been  established  by  the  experiments  of  Gay- 
Lassac,  who  procured  alcohol  from  wine  by  distilling  it  in  vacuo  at 
the  temperature  of  60"*  F.    He  also  succeeded  in  sev^t^V.xtv^vVv^'i^sA- 
bol  by  ibe  method  of  Mr  Brande;  but  he  8\ig|;ea\B  \Vv«  «uv^V^^\sw^w\  ^^ 
Hlbatjfe  in  6ne  powder,  instead  of  the  subacetale  ol  \ci^^«  \^t  "^x^^vs^-* 
iaiing  the  colouring  matter.  (Mem.  iVArcueW,  voA.  \\\.^ 
The  preceding  researches  of  Mr  Brande  \ed  Yuta  \o  e^^sivoA  vv^ 
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quantlly  of  alcoliol   contained  in   spiiituous  tnd  fermented  liqoers^ 

According  to  hi»  experiments,  brandy,  rum,  gin,  and  whisky,  coDtain 

from  51  to  5-4  per  cent  of  alcohol,  of  specific  gravity  0.825*    The   \ 

Bitou^cv  wiiies.  such  as  Lissa,  Raisin  wine,  Marsala,  Port,  Madein, 

Sherry,  Tcneiifre,  Constantia,  Malaga,  Bucellas,  Calcavelia  andVI* 

donia'.  contain  fioin  between  IS  or  19  to  25  per  cent  of  alcohol.'  la 

Chri**.,  SaiUernc,  Burgundy,  Hock,    Champagne,  Hermitage,,  lod 

Goo«eberry  wine,  the  quantity  is  from  12  to  17  per  cent,    la  cyder, 

l^erry,  ale,  and  porter^  the  quantity  varies  from  4  to  near  lOperceat 

In  all  iipirits,  such  as  brandy  or  whi5ky,.the  alcohol  is  simply  coiabiiMd 

with  water;  whereas  in  wine  it  is  in  combination  with  mucilagiDOO, 

sacrhaiine,  and  other  vegetable  principles,,  a  condition  which  tends  to 

diiiiinii^h  the  action  of  the  alcohol  upon  the  system.    This  may,  per- 

h.ipjt,  account  for  the  fact  thai  brandy,  which  contains  little  moretbia 

twice  as  much  real  alcohol  as  good   port   \vine»  lias  an  inloucBtiog 

power  which  is  considerably  dumc  tliaa  double^ 

Ether. 

The  name  ether  was  formerly  employed  to  designate  the  vohtik 
inflammable  liquid  which  is  formed  by  heating  a  mixture  of  alcohol 
and  sulphuric  acid ;  but  the  same  term  has  since  been  eiteaded  to 
several  other  compounds  produced  by  the  action  of  acids  ea  alcobol, 
and  which,  from  their  volatility  and  inflammability^  were  supposed  to 
be  identical  or  nearly  so  with  sulphuric  ether.  It  appears,  howcTer, 
from  the  researches  of  several  cheiiiistts,  but  especially  of  M.  Tbeoird,  j 
lU-a  ethers,  though  analogous  in  their  leadirn;  proportie^,.  frequently  ! 
differ  both  in  composition  and  in  their  mode  of  formalioD.  (Me> 
moires  d\\rcueil,.vol.  i.  and  ii.) 

Sulphuric  Ether. — In  forming  this  compoimd,   strong   sulphtiric 
acid  is  gently  poured  upon  an  equal  weight  of  rectified  spirit  of  wioe 
contained  in  a  thin  glass  retort,  and  after  mixing  the  fluids  together  b| 
agitation,  which  occasions  a  free  disengagement  of  caloric,  the  mis* 
ture  is  heated  as  rapidly  as  possible  until  ebullition  commences,  il     * 
the  beginning  of  the  process  nothing  but  alcohol  passes  over;  butii 
soon  as  the  liquid  boHs,  ether  is-  gcneiated,  and  condenses  in  the  it' 
cipiont  which  is  purposely  kept  cool  by  the  application  of  ice  or  moist 
cloth<<.     When  a  quantity  of  ether  is  collected,  equal  in  general  to 
about  half  of  the  alcohol  employed,  white  fumes  begin  to  appear  ia 
the  retort.    At  this  period,  the  process  should  be  diseontinued^or  the 
receiver  changed  ;  for  although  ether  does  not  cease  to  be  generated, 
its  quantity  is  less  considerable,.and  several  other  |>roducts  make  thdi 
appearance.     Thus  on  continuing  the  operation,,  sulphurous  acid  ii    < 
di<:er.saged,  and  a  yellowish  liquid^  commonly,  called  ethereal  oil» 
oil  of  wine,  passes  over  into  the  receiver.     If  the  heat  be  still  coDtli* 
uedj'a  large  quantity  of  olefiant  gas  is  disengaged,,  and  all  the  ph^ 
nomcna  ensue  which  were  mentioned  in  the  description  of  that  con* 
pound.  (Page  234.) 

Ether,  thus  formed,  is  always  mixed  with  alcohol,,  and  generallf 
with  some  sulphurous  acid.  To  separate  these  impurities,  the  edM 
should  be  agitated  with  a  strong  solution  ofpotassa,  which  neutralixci 
tlie  acid,  while  the  water  unites  with  the  alcohol.  The  ether  is  thei 
distilled  by  a  \ev^  ^e\iV\eW'«.\.v^^^V  ^"^^^  be  rendered  still  stronger  by 
distillation  from  V\\e  cVv\ou<^*  ol  t-s^tXwxsv. 

to   rompare   l\^%  couQV«>^^^^^^  *^  ^"^"^^^  wfe^V^v^^t^v.  >«X>icv'^iaS.  ^\  ^i«^ 
Ether  was  auaXyzed  b^jM.  S^M^^u.'t  vx  x\w^  '.^'^  x««««v^.^«^ 
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and  from  the  datt  furnished  by  his  analysis,  corrected  by  Gay-Lussac, 
(  Ad.  de  Cb.  xcr.  814),  ether  is  inferred  to  consist  of  28  parts  or  two 
equiralents  of  olefiant  gas,  and  9  parts  or  one  equivalent  of  water. 
But  alcohol  is  composed  of  one  equivalent  of  olefiant  gas  and  one 
equivalent  «f  water;  so  that  if  from  two  equivalents  of  alcohol,  one  of 
water  be  withdrawn,  the  remaining  elements  are  in  exact  proportion 
for  constituting  ether.    This  is  the  precise  mode  in  which  sulphuric 
acid  is  supposed  to  operate  in  generating  ether,  an  effect  which  it  is 
well  calculated  to  produce,  owing  to  its  strong  affinity  for  moisture. 
(Page  18 1 . )     This  view  was  first  proposed  by  Fourcroy  and  Vauquelin, 
and  accounts  for  the  phenomena  in  a  very  satisfactory  manner.   These 
chemists,  it  is  true,  erred  in  thinklng'that  the  sulpHferic  acid  occasions 
DO  other  change;  since  subsequent  observation  has  proved  that  the 
■ulphovinic  acid,  to  the  constitution  of  which  sulphuric  acid  is  essen- 
tial, is  formed  even  at  the  very  commencement  of  the  process.    Not- 
withstanding this  error,  however,  the  production  of  ether  may  be 
justly  ascribed  to  the  sulphuric  acid  abstracting  water  or  its  elements 
from  the  alcohol,  an  opinion  which  is  supported  by  various  circum- 
stances.   Thus  it  accounts  for  the  disengagement  of  sulpl)urous  acid 
aod  olefiant  gas  towards  the  middle  and  close  of  the  process  ;  for  since 
the  elements  of  the  alcohol  alone  contribute  to  the  formation  of  ether, 
while  all  the  sulphuric  acid  remains  in  the  retort,  and  most  of  it  in  a 
free  state,  it  is  apparent  that  the  relative  quantities  of  alcohol  and  acid 
must  be  continually  changing  during  the  operation,  until  at  length  the 
latter  predominates  so  greatly  as  to  be  able  to  deprive  the  former  of 
all  its  water,  and  thus  give  rise  to  the  disengagement  of  olefiant  gas. 
(Page  284.)    Accordingly  it  is  well  known,  that  if  fresh  alcohol  be 
added  as  soon  as  the  production  of  pure  ether  ceases,  an  additional 
ooantity  of  that  substance  will  be  produced.    It  follows,  also,  from 
the  same  doctrine,  that  the  power  of  the  same  portion  of  acid  in 
forming  ether  must  be  limited,  because  it  gradually  becomes  so  diluted 
with  water,  that  it  is  at  last  unable  to  disunite  the  elements  of  the 
ilcohol.    Consistently  with  the  same  view,  it  is  found  that  ether, 
precisely  analogous  to  that  from  sulphuric  acid,  may  be  prepared  by 
digesting  alcohol  with  other  acids  which  have  a  strong  affinity  for 
water,  as  for  example  with  phosphoric,  arsenic,  and  fiuoborlc  acids. 
The  production  of  a  peculiar  acid  in  the  preceding  process  was  first 
noticed  by  M.  Dabit,  about  the  year  1800.    This  substance,  to  which 
the  Dame  of  aulphomnie  acid  is  applied,  has  since  been  examined  by 
Sertuerner,  Vogel,  and   Gay-Lussac;  and   the   two   last  mentioned 
philosophers  regarded  it  as  a  compound  of  hyposulphuric  acid  and  a 
peculiar  vegetable  matter.    Mr  Hennel,  however,  has  lately  given  a 
liflerent,  and  to  all  appearance  a  more  correct  view  of  its  nature. 
According  to  this  chemist,  sulphovinic  acid  and  the  oil  of  wine  are  both 
iomposed  of  sulphuric  acid  and  carburet  of  hydrogen.     The  oil  of 
If  ioe,  which  has  no  acid  reaction  when  pure,  consists  of  two  equiva- 
ents   of  sulphuric  acid,  eight  of  carbon,   and  eight  of  hydrogen. 
liVhen  heated,  it  parts  with  half  of  its  carbon  and  hydrogen,  and  sul- 
ihovinle  acid  remain?,  consisting  of  two  equivalents  of  sulphuric  acid, 
bur  of  carbon,  and  four  of  hydrogen.    The  oil  of  wine  is  a  perfectly 
lautral  compound,  in  which  the  carburet  of  hydrogen  acts  the  part  of 
ID  allcali  in  neutralizing  sulphuric  acid.    In  sulphovinic  acid,  half  the 
iol|)huric  acid  appears  to  be  neutralized  by  carburet  of  hydrogen. 
Philos.  Trans,  for  1826,  p.  247,  or  Journal  ot  ScXeik&^^xrX.^vr^ 

Sulphuric  ether  is  a 'colourless  fluid,  of  a  YkoV  Y^T\^<&\i\.  V.^.%^fc^  vcA 
mgnnt  odour.    Its  apeciGc  gravity  in  its  pureaV  \otai  Va  ^^^viX^Tl^^ 

MccordlDgto  Lovitz  0.632;  but  that  ot  lYie  8\iOva\ft^n\  o\  vi< 
O  o  2  ^ 


InNT,  miIm  la  the  presence  al  ulcoliol.    Its  ralalilil;  i*  etcmSiaA 

B^p-Omk  ibe  atiDOtpbtFic  picMUie,  eihei  of  ileaiUy  D.^30  hm 
•  m  MVi  •nd  '■  *>'<><"  4<P  F .  in  1  vaemiitk.  ( Blick'i  Lecnn, 
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'  colil.iufficienl  undei  fiirounble  circumtluca 
III  vapour  haa  a  densily  at  2.BS6.    jUMdt- 
ifFihi.  it  19  congetlcJ. 

■ilh  ilcahol  in  every  propoition,  hut  Is  >ety  (pC- 

—  -      Whenagiialedwilh  thai  fluid,  lite  ginlMi  (HI 

....  ^.     iiDBllquanlily  being  retained,  DFhicliimputin 

•ibiu  to  the  water.     The  ether  >o  waslied  is  weiy  f\nt,it- 

tba  wiWr  tatiini  the  nlcoijal  with  nhich  it  is  mixed. 


^■ifwMer  .  .„       ^     .  ,    .    .    . 

•  mtltmn  Whieh  eiplodea  violently  on  the  appraach  of  nine.  «  bj 
A*  ■l«thk  apaib.  On  bein^  innamitled  Ibrough  a  ned-hal  porcdia 
lib*,  h  mdeigoei  decompoBilion,  aod  yields  lbs  same  piodud  u 
ritBfctl. 

Wh«i  a  coil  of  plirinum  dire  is  beaied  lo  tednesi,  and  Ihei  iw- 
fwild  ibaTe  (he  sviltte  of  clhei  eonlaincd  in  an  open  veiati,  tb< 
wba  iMtatly  btglua  ID  glow,  and  continues  in  that  stale  uotil  all  the 
MImtIb  Mnsuined.  (Davy.)  During  lb li  lion  coaibiiilioa.  pungeoi 
mU  fuBM  are  eiiiiiled,  nbich,  It  received  in  a  lepusle  Tcuet,  con- 
dlBM  lM»  «  eolouileit  liqniil  paMeaseil  of  acid  pnipsilici.  Ml 
ITlllil,  who  piepired  ■  large  quanlily  oF  il,  nu  al  first  IsdloedtB 
nawd  it  M  a  new  add,  and  deKiib«d  il  under  Ihe  name  of  lampk 
mad;  but  he  has  iinee  aaeertained  that  iu  acidity  ts  mtisi;  istke 
aealic  add,  whicb  ii  combined  wiih  some  cum  pound  of  cirtxiauil 
bydtogen  different  both  Tioni  ether  and  alcobol.  (Jmunal  of  Sdence, 

If  ether  i;  eiposed  lo  Iip;hl  in  a  vessel  partially  filled,  and  wUeti  it 
frequently  opened,  it  graduntly  absorbi  oxygen,  and  a  portion  oftn- 
llc  add  Is  geiieraled.  This  disoge  wa»  first  ooticed  by  M.  Plmtta. 
and  has  been  confirmed  by  Gjy.Lussac.  (An.  de  Ch.  el  do  Ph.  n.  W 
and  213.) 

The  cotnpo^ilion  of  elher  by  volume  may  be  Inrened  in  Ihe  mu 
manner  as  in  Ibe  cise  of  alcohol  (page  459)  ;  naiaely,  by  dlvldinj;3J 
by  0.9T2,  anJ  9  by  0.625.  Elher  is  thus  found  Id  con^jsl  of  lira  OKI- 
tares  of  oleliml  gas  and  one  measure  of  watery  vapour;  and  tuppoi' 
higlheae  ihree  raeasuies,  in  combining,  to  conlraci  lo  ont-lhirdol 
(heir  volume,  Ibe  specific  gmvlly  of  the  vapour  of  elher  wilt  be  0.911 
X  2-1-0.625=2  56r>,  Now  this  Is  so  near  2  HSG,  the  specific  Knril] 
which  Gsy-Lu!sac  found  by  nclual  trial,  thai  the  preceding  supfwi- 
lion  may  fuirly  be  ailmillcd. 

The  solvent  properliss  of  ether  are  lew  uteniiTe  (ban  tboaa  of  A 
cohol,  Il  dissolves  Ibe  easential  oils  and  reaios,  and  aoma  of  tiia  »• 
getable  alkalies  are  soluble  in  il.  It  unilea  alao  willi  aaunDnla;  M 
the  fixed  alkalies  are  insoluble  In  Ibis  mentlmum. 

AVfrous  Elher. — This  compound  it  prepared  by  dUIDUog  a  miltaM 
of  concenlraled  nilric  acid  with  an  eqnal  ireigbt  Of  alcohol ;  bataiAa 
reaction  is  apl  to  be  exceedingly  violeol,  Ihe  ptocasa  dnold  ba  CM- 
dueled  with  extreme  care.  The  safest  method  la  to  add  Ow  adl  la ' 
the  alcohol  by  small  quanliliei  al  a  lima,  aDoiriu  Iho  ■UtUialO  atA 
atler  each  iddiUon  befoie  more  acid  is  aiMed.  TSt  dMDlatlM  Mm 
wndocted >l  a  terj  gnii.\ev«&^«n,vra«^«B&  ■&&  lAaaetriUaeladtaa 
WoaUa'a  innntois.    Ten  ftftiwl  <*  ft*  \B»wa«>»  Wimm^  «i"fa*k 
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gagement  of  the  protoxide  and  deutoxide  of  nitro|{eD,  together  with 
free  nitrogen  and  carbonic  acid,  it  foUows  that  the  alcohol  and  acid 
mutually  decompose  eachother.  M.  Tbenard  Inferred  from  his  exper- 
iments, that  this  ether  is  a  compound  of  alcohol  and  nitrous  acid ; 
and,  consequently,  that  the  essential  change  during  its  formation  con- 
sists in  the  conversion  of  nitric  into  nitrous  acid  at  the  expense  of  one 
part  of  the  alcohol,  while  the  remainder  of  that  fluid  combines  with 
the  nitrous  acid.  Consistently  with  thi%  view,  nitroua  ether  may  bm 
made  directly  by  the  action  of  anhydrous  nitrous  acid  on  pure  alcohol. 
In  an  essay  lately  published  by  MM.  Dumas  and  Boullay,  a  diflfer- 
ent  opinion  nas  been  suggested.  According  to  a  careful  analysis  of 
nitrous  ether,  they  find  it  to  consist  of  four  equivalents  of  carl>on, 
five  of  hydrogen,  one  of  nitrogen,  and  four  of  oxygen.  These  ele- 
ments are  in  proportion  to  constitute  two  equivalents  of  olefiant  gas, 
one  of  water,  and  one  of  byponitrous  acid.  (An.  do  Ch.  et  de  Phy- 
sique, xxxviL  26.  > 

The  nitrous  agrees  wiih  sulplniric  ether  in  its  leading  properties  ; 
but  it  is  stiH  more  volatile.  When  recently  distilled  from  quicklime 
by  a  gentle  heat,  it  is  quite  neutral ;  but  it  soon  becomes  aeid  by  keep- 
ing. The  products  of  Its  spontaneous  decomposition  are  alcohol^ 
nitrous  acid,  and  a  little  acetic  acid.  A  similar  change  is  instantly 
effected  by  mixing  the  ether  with  water,  or  distilling  it  at  a  high  tem- 
perature. It  is  also  decomposed  by  potassa,  and,  on  evaporation, 
crystals  of  the  nitrite  or  hyponitrite  of  that  alkali  are  deposited.  ^Me* 
moires  d*Arcueil,  vol.  i.) 

Jlcetie  Ether. — This  ether  is  analogous  in  composition  to  the  pre. 
ceding,  and  is  formed  by  distilling  acetic  acid  with  an  equal  weight  oC 
alcohol.  When  set  on  fire,  it  bums  with  disengagement  of  acetic 
acid ;  and  when  miiced  with  a  strong  solution  of  potassa,  and  sub- 
jected to  distillation,  pure  alcohol  passes  over,  and  acetate  of  potassa 
renrains  in  the  retort.  It  is  hence  inferred  by  Thenaid  to  consist  of 
acetic  acid  and  alcohol.     When  pure  it  is  quite  neutral. 

According  to  Thcnard,  the  acetic  is  the  only  vegetable  acid  which 
forin^  etlicr  by  being  heated  alone  with  alcohol.  Ether  may  also  be 
generated  by  treating  the  tartaric,  oxalic,  malic,  citric,  or  benzoic  acid 
with  a  mixture  of  alcohol  and  sulphuric  acid,  and  Thenard  regards 
these  ethers  as  compounds  of  a  vegetable  acid  with  alcohol.  But 
lilM.  Dumas  and  Boullay,  in  the  essay  above  referred  to,  declare  that 
the  elements  of  all  these  ethers  are  in  such  proportion  as  to  consti- 
tute one  equivalent  of  acid,  one  of  water,  and  two  of  olcfiant  gas. 
They  believe  them,  as  also  nitrou<«  ether,  to  be  hyd rated  salts,  in  which 
carburet  of  hydrogen  acts  the  part  of  an  alkali.  This  view  is  certainly 
supported  by  the  observations  of  Mr.  Hcnnel  relative  to  the  oil  of 
wine,  and  by  the  constitution  of  muriatic  ether.  The  employment  of 
sulphuric  acid  in  their  formation  is  likewi.^e  favourable  to  this  opinion. 
The  alcohol  obtained  by  distillation  with  potassa,  is  supposed  by  Du- 
nes and  lioullay  to  be  generated  duiing  the  process. 

Muriatic  Ether. — This  compound,  which  is  prepared  by  distilling 
a  m'citure  of  concentrated  muriatic  acid  and  pure  alcohol,  was  sup- 
posed by  Thenard  to  be  analogous  in  composition  to  nitrous  ether. 
It  appears,  however,  from  the  experiments  of  MM.  Robiquet  and 
ColiUj  that  it  consists  of  muriatic  acid  and  the  elements  of  olefiant 
gas,  a;id  is,  therefore,  quite  free  from  oxygen.  (An.  de  Ch.  et  <le  Ph. 
vol.  ii.;  It  docs  not  affect  the  colour  of  litmus  pape^fl||^lizcs  still 
more  rai>idly  than  sulphuric  ether,  and  is  h\g,Y\W  ^^^^^*'  ^"^^ 
combustioD  is  attended  with  the  disengagemenl  cii  l^  ^\V^  ^^ 

aurhtic  icid  gas. 


464  Bihmm. 

.  Sjfdrwdie  ethers  fint praptred  by  Qay-Luie,  i|fm> to bti 
lir  in  compotiUoD  to  muriatic  ether. 

Bituminaua  Subaiancea. 


Under  this  title  are  ineluded  aereral  iDflamniable  mibelaiiceatVUchb 
though  of  vegetable  origin,  are  found  In  the  earth,  or  lane  torn  lo 
flurface.  They  may  be  conveniently  arranged  under  the  two  baadirf 
bitumen  and  pit-coal.  The  fint  comprebeDde  naphtha,  petiohw, 
mineral  tar,  mineral  pitch,  aaphaltum,  and  relliuiaplimltnm,  of  oU 
the  three  first  mentioned  are  liquid,  and  the  othera  eolid.  Theieeni 
comprises  broum  eoal^  the  diflerent  varietioa  of  eoquNOH  or  NnI 
eoal,  and  glance  eoaL  ^ 

Bitumen.—J^Taphtha  la  a  volatile  limpid  liquid,  of  a  etroof  pecnhr 
odour,  and  light  yellow  colour.  Its  specific  mvity,  when  hinlv  l<^ 
tified,  is  0.758.  It  is  very  inflammable,  and  buma  with  a  white  um 
mixed  with  much  smoke.  At  1S6^  F.  it  entera  into  obnllltloo,  and  III 
vapour  has  a  density  of  2  888.  (Saussure.)  It  retaioa  ita  Uauid  iDmil 
aero  of  Fahrenheit.  It  is  ihsoluble  in  water,  and  very  aoluble  to  tlea- 
hol;  but  it  unites  in  every  proportion  with  aulphuric  ether, 
and  oils.  It  appears  from  the  observations  of  Sauaauro  to 
diaoge  by  keeping,  even  in  contact  with  air. 

Naphtha  contains  no  oiygen,  and  Is  hence  employed  for  |ntadiB| 
the  more  oxidable  metals,  such  as  potaasium  and  eodlum,  fieei  oilda- 
tion*.  According  to  the  analysis  of  Saussure,  it  is  composed  of  oriM 
and  hydrogen  In  the  proportion  of  six  equivafenta  of  the  forawr  lofifs 
of  the  latter.  Dr  Thomson  slates  tt>e  composition  of  naphtlii  fioia 
coal  tar,  which  seems  identical  with  mineral  naphtha,  to  consist  of  rii 
equivalents  of  caibon,  and  six  of  hydrogen.  (Page  240.) 

Naphtha  occurs  in  some  parts  of  Italy,  and  on  the  backs  of  the 
Caspian  Sea.     It  may  be  procured  also  by  distillation  from  petroleum. 

Petroleum  is  much  less  limpid  than  naphtha,  has  a  reddisb-brown 
colour,  and  is  unctuous  to  the  touch.     It  is  found  in  several  parUi^     ! 
Britain  and  the  Continent  of  Europe,  in  (ho  West  Indies,  and  in  Per*     J 
sia.     It  occurs  particularly  in  coal  districts.     The  tnineral  tar  is  rerr      | 
similar  to  petroleum,  but  is  more  viscid  and  of  a  deeper  colour.    Botli 
tliese  species  become  thick  by  exposure  to  the  atmosphere,  and  io  the 
opinion  of  Mr  Hatchctt  pass  into  solid  bitumen. 

Asphaltum  is  a  solid  brittle  bitumen,  of  a  black  colour,  vitreous 
lustre,  and  conchoidal  fracture.  It  melts  easily,  and  is  very  inflam- 
mablc.  It  emits  a  bituminous  odour  when  rubbed,  and  by  distillatioo 
yiehls  a  fluid  like  naphtha.  It  is  soluble  in  about  five  times  its  weight 
of  naphfha,  and  the  solution  forms  a  good  varnish.  It  is  rather  denser 
than  water. 

Asphaltum  is  foimd  on  the  surface  and  on  the  banks  of  the  Dead 
Sea,  and  occurs  in  large  quantity  in  Barbadoes  and  Trinidad.  It  wal 
employed  hy  the  ancients  in  building,  and  is  said  to  have  been  used 
by  the  Egyptians  in  embalming. 

Mineral  pitch  or  maltha  is  likewise  a  solid  bitumen,  but  is  ranch 
softer  than  asph.iltum.  Tlie  elastic  bitumen,  or  mineral  eaoutdtow, 
is  a  rare  variety  of  mineral  pitch,  found  only  in  the  Odin  mine,  near 
Castleton  in  Derbyshire. 

Betinasphaltum  is  a  peculiar  bituminous  substance,  found  ajsocia- 
the  brown  coal  of  Bovey  in  Devonshire,  and  desciibed  by 


^ 


T 
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Mr  Hatchett  ib  the  Philosopbicftl  Transactkms  for  1804.  ft  eontists 
partly  of  bitumen,  and  partly  of  resin,  a  composition  which  led  Mr 
Hatcliett  ta  the  opinion  that  bitumens  are  chiefly  formed  from  the  res- 
inous principle  of  plants. 

Pit  coal. — Brown  coal  is  efaaracierized  by  bumhig  with  t  peculhir 
bituminous  odour,  like  that  of  peat.  It  is  sometimes  earthy,  but  the 
fibrous  structure  of  the  wood  from  which  it  is  derived  is  generally 
more  or  less  distinct,  and  hence  this  variety  Is  called  hiiuminovm 
wood.  Pitch  coal  or  jet,  which  is  employed  for  forming  ear-ring» 
■Dd  other  trTnkets,  is  intermediate  between  brown  and  black  coal,  but 
U  perhaps  more  closely  allied  to-  the  former  than  the  latter. 

Brawn  coal  is  found  at  Bovey  in  Devonshire,  (Bovey  coal);  in 
Iceland,,  where  it  is  called  surtufbrand  ;  and  in-  several  parts  of  the 
continent,  especially  at  the  Meissner  in  Hessia,  in  Saxony,  Prussia,, 
and  Styria. 

Of  the  black  or  common  coal  there  are  several  varieties,  whicb 
ilffet  from  each  olher,  not  only  in  the  quantity  of  foreign  matters, 
iuch  as  the  sulphuret  of  iroa  and  earthy  substances  which  tliey  coo* 
tain,  but  also  in  the  proportion  of  what  OMiy  be  regardeit  as  essential 
constituents.  Thus  some  kinds  of  coal  consist  almost  entirely  of  car* 
bonaceous. matters,  and,  therefore,  form  little  flame  in  burning;  while 
others,  of  which  the  eannel  coal  is  an  example,  yield  a  large  quantity 
of  inflammable  gases  by  heat,  and  consequeAily  bum  with  a  large 
flame.  Dr  Thomson  has  arranged  the  difCerent  kinds  of  coal  which 
are  met  with  in  Britain  into  four  subdivisionsr  (An.  of  Phil.  vol.  xiv.> 
The  first  is  caking  coal,  because  its  particles  are  softened  by  beat  aad 
adhere  together,  forming  a  compact  mass.  The  coal  found  at  New- 
castle, around  Manchester,  and  in  many  other  parts  of  England,  is  of 
this  kind.    The  second  is  termed  splint  coal,  from  the  splintery  ap- 

Searance  of  its  fracture.  The  cherry  coal  occurs  in  Staflbrdshire,  and 
I  the  neighbourhood  of  Glasgow.  Its  structure  is  slaty,  and  it  is 
more  easily  broken  than  the  splint  coal,  which  is  much  harder.  It 
easily  takes  &re,  and  is  consumed  rapidly,  burning  with  a  clear  yellow 
fiam£.  The  fourth  kind  is  the  canned  coal,  which  is  found  of  pecuKar 
purity  at  Wigan  in  Lancashire.  In  Scotland  it  is  known  by  the  name 
of  parrot  coal.  From  the  brilliancy  of  the  light  wluch  it  emits  wlule 
burning,  it  is  sometimes  used  as  a  substitute  for  candles,  a  practice 
which  is  said  to  have  led  to  the  name  of  eannel  coaU  It  has  a  very 
compact  structure,  does  not  soil  the  fingers  when  handled,  and  admits, 
of  being  polished.  Snuff-boxes  and  other  ornaments  are  made  with 
this  coal;  and  it  is  peculiarly  well  fitted  for  forming  coal  gas.  Ac- 
cording to  the  experiments  of  Dr  Thomson,  these  varieties  of  coal  are 
thus  constituted : 

Caking  Coe^,  Splint  Cool,  Cherry  Coal  Cannel  Coah 
Carbon,        76.2»                   75.00                74.45  64.72 

Hydrogen,     4.18  6.25  12.40  ?1.56 

Nitrogen,      15.96  6.25  10.22  13.72 

Oxygen,         4.58  12  60  2.95  0.00 

100.00  lOO.OO  100.00        •"       100.00 

Judging  from  the  quantity  of  oxidized  products  (water,  carbonic 
acid,  and  carbonic  oxide,)  which  are  procured  during  the  distillation 
of  coal,  Dr  Henry  infers  that  coal  contains  more  MWffen  than  wa» 
found  by  Thomson.  (Elements,  10th  Hdition^  ^o^^MS^^^N  '^'^'^^ 
opiaion  is  supported  by  the  analysis  o(  Dr  \Ice,  ^W"  ^.^  ^«^ 

cent  of  oxygen  in  splint,  and  21 .9  in  caiiue\  coa\.  "^  NaaXw 
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10  icdneM  in  close  Teaseto,  a  gieat  quantity  of  Tobtile  matter  k  Ah 
fipatcd,  and  a  carbonacebiu  raiidue,  called  coire,  remataifln  therami 
The  voUiile  fubtuocet  are  coal  tar,  acetic  acid,  water,  tulpbunttri 
hydro^cen,  and  hydro«ulphuret  and  carbonate  of  ammonia,  tognbr 
with  the  several  k«*«*  formerly  enumerated.  (Page  241.)  The  pniR 
part  of  then  subsuncei  are  real  product*,  that  is,  are  generated  deriw 
the  diAtillation.  The  bituminous  matters  probably  exist  ready  feml 
in  coal ;  but  Dr  Thom«on  is  of  opinion  that  these  are  also  piodKHi 
and  that  coals  are  atomic  compounds  of  carbon,  hydrog^,  Bitnfn, 
and  oxygen. 

Glance  Coal, — Glance  coal,  or  antkracUe,  difleii  from  fwn— 
coal,  which  it  frequently  accompanies,  In  containing  no  bitasiiMa 
subttanres,  ao4l  in  not  yielding  inflammable  gases  by  dislllhtioD.  Ill 
sole  coiiihustible  ingredient  is  carbon,  and  consequently  it  bumi  wl^ 
out  fljme.  It  commonly  occurs  in  the  Immediate  vicinity  of  ImnI^ 
under  circumniances  which  lead  to  the  suspicion  that  it  is  «nl  ftm 
which  the  volatile  ingredients  have  l>een  expelled  by  subtentDOi 
heal.  At  the  Meif«ner,  in  Hessia,  it  is  found  between  a  bed  of  bisvi 
coal  and  basalt.  The  Kilkenny  coal  appears  to  be  a  variety  of  ghoei 
coal.  (Thomson,  An  of  Phil.  ?ol.  zv.) 


SECTION  IV. 

Sl'BST.i.VCES,  THE  OXVGEJV  JlJVn  HYDRO GE^V  OF 
jrillCH  ,iRK  LXKX^CT  PMOPOMTJOJV  FOR  FORM- 
LVG   WATER. 

Sugar. 

Su^ar  '»  an  abundant  vegetable  product,   existing  in  a  great  miny    I 
ripe  fnii(9,  though  few  of  them  contain  it  in  sufficient  quantity  for  be-    ' 
ing  cDllectcd.     The  juice  wliich  flows  from    incisions  made  in  ll>e 
trunk  of  the  American  maple  tree,  is  so  powerfully  saccharine  that  it 
luay  l>e  applied  to  useful  purposes.     Sugar  was  prepared  in  Fnntt 
and  (>erinany  during  the  late  war  from  the  beet-root;   and  this  mana*     > 
facture  is  at  present  cariied  on  in  France  on  a  scale  of  considerable 
magnitude.     Proust  extracted  it  in  Spain  from  grapes.     But  nearly  all     | 
the  aug-ar  at  present  used  in  Europe  is  obtained  from  the  sugar-cane, 
{Arundo  sacehahfera)  which  contains  it  in  greater  quantity  than  any    • 
other  plant.     The  process,  as  practised  in  our  West  India  Islands,  cod* 
sists  in  evaporating  the  juice  of  the  ripe  cane  by  a  moderate  and  cau* 
tiods  ebullition,  until  it  has  attained  a  proper  degree  of  consistence  for 
crystallizing.     During  this  operation  lime-water  is  added,  partly  fn 
the  purpose  of  neutralizing  free  acid,  and  partly  to  facilitate  the  sepa- 
ration of  extractive  and  other  vegetable  matters,  which  unite  with  the 
lime  and  rise  as  a  .-cum  to  the  surface.     When  the  syrup  is  sufficiently 
concentrated,  it  is  drawn  ofT  into  shallow  wooden  coolers,  where  it 
becomes  a  soft  solid  composed  of  loose  crystalline  grains.     It  is  then 
put  into  bands  with  holes  in  the  bottom,  through  which  a  black  ropy 
juice,  called  moUsaes  ox  Ue^tV^,  ^.^^dM^Uy  dro^s,  leaving  the  crystal- 
lized sugar  com9«Lni\\ve\^  v)\v\\.«  ^tv\  ^t>j .    \\i  >\a&  %VkN!tiVc  «jM«iilutes 
the^raw  or  inuscovaiAo  au^^t. 
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of  eiSSPt  or  the  Mram  of  bullock's  blood,  lime-water  being  geoerally 
employed  et  the  same  time.  When  properly  concentrated,  the  cla- 
rified juice  Is  received  in  conical  earthen  vessels,  the  apex  of  which  is 
undermost,  in  order  that  the  fluid  parts  may  collect  there,  and  be  after- 
ward! drawn  off -by  the  removal  of  a  plug.  In  this  state  it  is  loaf  or 
nfined  suear.  In  the  process  of  refining  sugar,  it  is  important  to  con- 
centrate the  syrup  at  a  low  temperature;  and  on  this  account  a  very 
great  improvement  was  introduced  some  years  ago  by  conducting  the 
•traporation  in  vacuo. 

Pure  sugar  is  solid,  white,  inodorous,  and  of  a  very  agreeable  taste. 
It  is  hard  and  brittle,  and  when  two  pieces  are  rubbed  against  each 
other  in  the  dark,  phosphorescence  is  observed.  It  crystallizes  in  the 
form  of  four  or  siz-sided  prisms  bevelled  at  the  extremities.  The  crys- 
tals are  best  made  by  fixing  threads  in  syrup,  which  is  allowed  to  eva- 
potato  spontaneously  in  a  warm  room;  and  the  crystallization  is  pfo- 
moted  by  adding  spirit  of  wine.  In  this  state  it  is  known  by  the  name 
of  MtigoT'Candy. 

Sugar  undergoes  no  change  on  exposure  to  the  air;  for  the  deli- 
quescent property  of  raw  sugar  is  owing  to  impurities.  It  is  soluble 
in  so  equal  weight  of  cold,  and  to  almost  any  extent  in  hot  water.  It 
is  soluble  in  about  four  times  its  weight  of  boiling  alcohol,  and  the 
saturated  solution,  by  cooling  and  spontaneous  evaporation,  deposites 
large  ciystals.  When  the  aqueous  solution  of  sugar  is  mixed  with 
yeast,  it  undergoes  the  vinous  fermentation,  the  theory  of  which  will 
be  explained  in  a  subsequent  section. 

Sugar  unites  with  the  alkalies  and  alkaline  earths,  forming  com- 
pounds in  which  the  taste  of  the  sugar  is  greatly  injured;  but  it  may 
be  obtained  again  unchanged  by  neutralizing  with  sulphuric  acid,  and 
dissolving  the  sugar  in  alcohol.  When  boiled  with  the  oxide  of  lead. 
It  forms  an  insoluble  compound,  which  consists  of  58  26  parts  of  tlie 
oxide  of  lead,  and  41.74  parts  of  sugar,  (Berzelius);  but  it  is  not  pre- 
cipitated by  the  acetate  or  subacetate  of  lead. 

Sulphuric  acid  decomposes  sugar  with  deposition  of  charcoal ;  and- 
nitric  acid  causes  the  production  of  oxalic  acid,  as  already  described  in 
a  former  section.     The  vegetable  acids  diminish  the  tendency  of  su- 
gar to  crystallize. 

Sug^r  is  very  easily  affected  by  beat,  acquiring  a  dark  colour  and 
homed  flavour.  At  a  high  temperature,  it  yields  the  usual  products  of 
the  destructive  distillation  of  vegetable  matter,  together  with  a  con- 
uderable  quantity  of  pyromucic  acid 

The  analyses  of  sugar  by  different  chemists  are  considerably  discor- 
dant.    This  is  accounted  for  not  only  by  errors  of  manipulation,  and 
impurity  in  the  materials ;  but  in  part  arises,  according  to  Dr  Prout, 
irom  difference  in  composition.     In  his  Essay  on  Alimentary  Substan- 
ces, published  in  the  Philosophical  Transactions  for  1827,  page  355,  he 
states  that  pure  cane  sugar,  as  exemplified  in  sugar-candy  and  the  best 
loaf  sugar,  well  dried  at  212°  F,  consists  of  42.85  parts  of  carbon,  and 
67.15  of  oxygen,  and  hydrogen  in  the  proportion  for  foiniing  water ; 
while  sugar  from  honey  contains  only  36.36  per  cent  of  carbon.     He 
considers  the  sugar  from  starch,  diabetic  urine,  and  grapes,  to  be  near- 
ly the  same  as  that  from  honey.    The  sugar  from  the  maple  tree  and 
beet-root  corresponds  with  that  from  the  cane;  but  the   quantity  of 
carbon  in  these  kinds  of  sugar  appears  to  vary  from  4A  Vq  ^>.%^  "^vi 
cent.     The  atomic  constitution  of  sugar  is  ui\Vi\oyiiv\  \)w\.\\i^\!Cv^V9k\- 
meranalyais  of  Dr  Prout,  it  is  thought  thatila  e\e\T\<iviV«  «L\^\tv^*  't^- 
Uo  of  6  parts  or  one  equivalent  of  carbon  to  9  ^^iVa  ox  oi«  tto^xs^'i^? 


MMMpH 


JMiliilin     Till  nil  iliiiinr  riinrip'r  rflrnrlrhn  been  imfipud   I 
to  b*  dkffennl  {mm  ciyitilllnblc  guffir  ;   but  it  mace  probslily  cni> 
aWi  of  MSawb  ra^i,  which  u  prevented    from  cryfllallliln^  b)  ite 
■HMBeaaf  AftigD  MibetHiecf,  sHcli  as  ohnc,  acid,  nnd  oiheiTi^ 

tfOrapei. — The  tugar  procured  Train  Ihe  Rnpe  \m  l\ 

"-    of  torn  mo  ti  «ig»t.     lit   laMe,  however,  in 

MVMI  M  W>n  sugM,  and  occanlinR  la  Saus»iiie  ■nil  Proul,  I 
bn  ■Mgbl'r  fat  compoailion,  rDDteliiing  ■  imaller  qutntily  gf  oMt. 
TSt  MMhiiiM  principle  of  the  acidulous  fniiu  hdii  uoI  been  pi  ' 
hrij  uUBiMd.     It  la  oblaioed  with  difficulty  in  ■  pure  <t(fe,  i      . 
to  UM  fitoWBi  of  regetible  acida,  nhich  prevent  il  troiu  cijiliUii- 

A  MedilriM  lubatani^e  simlhr  lo  that  from  empes  may  be  pracan 
AMasOTMtlmeeiibIc  piinciplea.aucbasslsi'chaiidlbelinieoiufibr 
bf  tha  mUM  oTaulphuric  acid. 

ANty— According  to  Proutl,  honey  consists  af  liia  k\aii  it  m 
flhute*  ■■tiar,  one  of  nhich  ciytlallizes  readily  and  ii  uulsgaui  t 
floamoBioglr,  while  the  other  te  uncry^iallfzable.  They  my  ben 
ftntod  bgr  lidtinf-  honey  olih  alcohol,  and  pressing  (he  eMt 
tbrMildiaptoMoninen.  The  liiiuid  sugar  is  removed,  and  Ihe  n; 
taUimte  portion  is  left  in  a  aolid  slate.  Besides  sugar,  it  (»ai 
MBtllMlBOgt,  CDloitrIng,  and  odorlferoiia  matter,  and  pnibabiy  i  Te| 
elible  acid.  Diluted  with  water,  honey  ta  eusceplibte  or  the  viwi 
fertneottlion  without  the  addition  of  yenst. 

The  natural  bitlory  of  honey  is  na   yet  imperrect.     Il  is  unceiM. 
wbetfaer  honn  i^  merely  coiiecled  liy  Ihe   bcs    from   the  neFtiriu  ' 
floweri,  and  then  diposiled  in  llic  hivo  unchanged,  or  whether  11.. 
aacchatine  matter  or  the  flowci  does  not  uaderiro  some  Chinee  ia  ibi    1 
body  of  the  animal.  '  ' 

Manna. — This  saccharine  matter  is  the  concrete  juire  of  Mwnl 
spec[eiofaih,and  is  procured  in  particular  from  the  Fraiimu  anat. 
Theaweetneaiofmannaisowinc  not  to  sugar,  but  to  a  diilincl  prii- 
ciple  called  tnannile,  which  is  mixed  with  a  pccutinr  Teeelible  ti- 
traclivB  matter.  Manna  is  »oiut>ie  both  in  water  and  boilinR  lifohol 
and  the  latter,  on  cooline,  lieposiles  pure  mnnnile  in  Ihe  form  of  isi- 
nuta  acicular  crysliiis,  which  are  oflen  atrangeil  in  conecntricat  gronpi 
Mannite  difteri  from  su^i"'!  in  not  fecmeniing  when  mixed  with  hub 
and  yeaet.  Acronlin^  to  Dr  Proul,  il  contains  3S.T  per  rent  of  ru- 
bon.aod  61.8  of  axyg«o,aiKlhydH%«n  In  the  proportion  to  bimwalK    ; 

Starch  or  Fecula. — AmidiTte. 

Starch  exists  abundantly  in  the  vegetable  t{nji;i}om,  belif  aaeaC 
Oie  chief  ingredients  of  most  varieties  of  grain,  ofiome  raots,  iDcbi* 
the  potato,  and  of  Ihe  kernels  of  leKiiminoua  plaots.  Il  taeuilypi» 
cureJ  by  letting  a  small  current  of  water  fall  upon  the  dough  of  ifM 
flour  inclosed  In  a  piece  of  linen,  and  mibjcellng  it  at  Uia  «UD«  dW 
lo  preasuce  between  the  lingerf,  until  Ihe  liquid  paiaet  off  quila  dMt. 
The  chiten  oC  Oib  Awn  Vk  \ef<.  Va  t.  ^uic  tuts,  the  nccbariua  and  aN- 
aoua  maltentinSwaoVte&.sB^'^cn  *^w^>K'«viuAvirH  wa- 
rily, brinf  dafouXcA  b«m  'Ckq  vaXM  n^  ttnttMu^ia^  «iK\Hfc4. 
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m  white  powder.  An  analogous  process  is  practised  on  a  large  scale 
in  the  preparation  of  the  starch  of  commerce  ;  and  very  pure  starch 
may  also  be  obtained  in  a  similar  manner  from  the  potato. 

Starch  is  insipid  and  inodorous,  of  a  white  colour,  and  insoluble  in 
alcohol,  ether,  and  cold  water.  It  does  not  crystallize ;  but  is  com- 
monly found  in  the  shops  in  six-sided  columns  of  considerable  regu- 
larity, a  form  occasioned  by  the  contraction  which  it  suffers  in  drying. 
Boiling  water  acts  upon  it  readily,  converting  it  into  a  tenacious  bulky 
jelly,  which  is  employed  for  stiffening  linen.  In  a  large  quantity  of 
hot  water,  it  is  dissolved  completely,  and  is  not  deposited  on  cooling. 
The  aqueous  solution  is  precipitated  by  subacetate  of  lead ;  but  the 
best  test  of  starch,  by  which  it  is  distinguished  from  all  other  sub- 
stances, is  iodine.  This  principle  forms  a  blue  compound  with  starch, 
whether  in  a  solid  state  or  when  dissolved  in  cold  water. 

Starch  unites  with  the  alkalies,  forming  a  compound  which  is  solu- 
ble in  water,  and  from  which  the  starch  is  thrown  down  by  acids. 
Strong  Bulphuiic  acid  decomposes  it.  Nitric  acid  in  the  cold  (tissolves 
starch ;  but  converts  it  by  the  aid  of  heat  into  the  oxalic  and  malic 
acids. 

The  effects  of  heat  on  starch  are  peculiar,  and  have  lately  been  ex- 
amined by  M.  Caventou.  (An.  de  Chim.  et  de  Ph.  vol.  xxxi.)  On  ex- 
posinff  dry  starch  to  a  temperature  a  little  above  212"  F.  it  acquires  a 
slighuy  red  tint,  emits  an  odour  of  baked  bread,  and  is  rendered  soluble 
in  cold  water.  Starch  suffers  a  similar  modification  by  the  action  of 
hot  water.  Gelatinous  starch  is  generally  supposed  to  be  a  hydrate 
ef  starch;  but  M.  Caventou  maintains  that  the  jelly  cannot  by  any 
method  be  restored  to  its  original  state.  He  regards  this  modified 
starch  as  identical.with  the  substance  described  by  Saussure  under  the 
name  of  amidine,  Saussure  thought  it  was  generated  by  exposing  a 
paste  made  with  starch  and  water  for  a  long  time  to  the  air;  but  ac- 
cording to  Caventou,  the  amidine  was  formed  by  the  action  of  the 
hot  water  on  starch  in  making  the  paste.  Its  essential  character  is  to 
yield  a  blue  colour  with  iodine,  and  to  be  soluble  in  cold  water* 
vHien  the  solution  is  gently  evaporated  to  dryness,^  it  yields  a  trans- 
parent mass  like  horn,  which  retains  its  solubility  in  cold  water. 
'  When  starch  is  exposed  to  a  still  higher  temperature  than  is  sufficient 
for  converting  it  into  amidine,  a  more  complete  change  is  effected. 
It  DOW  dissolves  with  much  greater  facility  in  cold  water,  and  gives  a 
parple  colour  to  iodine.  A  similar  effect  is  produced  by  long  con- 
tinued boiling.  To  torrefied  starch,  that  is,  starch  modified  by  heat, 
whether  in  the  dry  way  or  by  boiling  water,  the  term  amidine  may 
be  applied. 
-  The  starch  from  wheat,  according  to  the  analysis  of  Gay-Lussac 
~  and  Thenard,  is  composed,  in  lUO  parts,  of  carbon  43.55,  oxygen  49.68, 
and  hydrogen  6.77 ;  and  this  result  agrees  with  the  analysis  of  potato 
starch  made  by  Berzelius.  The  results  of  Prout  and  Marcet  corres- 
pond closely  with  the  foregoing.  The  proportion  of  the  constituents 
of  starch  is  therefore  very  analogous  to  that  of  sugar,  a  circumstance 
which  will  account  for  the  conversion  of  the  former  into  the  latter. 
This  change  is  effected  in  seeds  at  the  period  of  germination,  and  is 
particularly  exemplified  in  the  process  of  malting  barley,  during  which 
the  starch  of  that  grain  is  converted  into  sugar.  Proust*  finds  t.VA.\. 
liBrley  contains  a  peculiar  principle  which \e  c^Wa  hordcxiv^  ^acA. 
wbich  he  conceived  to  be  converted  in  maUin^^  p^W^mVo  ^XAxOci)  vcA 
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ptitiT  into  foctr.  Pr  tlwiOB  if  rf  opirictt  tfiil hiiith  AwM w 
ttwM  imraedw  a  vodifieatkMi  of  sCavch  lliMiwa4MKt|N^ 
■ata  ptioopk*.    A  aimUar  converaioa  of  starch  loto  tolu  *lf<*>^ 


fomeaaij*'   i 

MOphjf  llli  il) 


la  Inatancea  Co  be  tha  aflbct  of  fioat*  aa  in  tbe  potato, 
paimip. 

If  ttaich  la  bollad  lor  a  eomldarabla  tloie  in  wator  adUtoli 
1-iatli  of  iu  wal|bt  of  aulphwle  acid.  It  la  wholly  coBT«rtrilrii.]i 
aacchariiia  mattor  aimUar  to  tliat  of  tlio  giapo.    Thk  iaet  vai  latdb^ 
aarvad  by  KIrclioir,  and  baa  aloee  lieon  particidailV  enmfaMd  lyTail 
Da  ia  EUva,  and  SauMora.    It  liaa  bean  eatabHiiied  by  StOHaali 
tha  oiygan  of  tlia  air  exarta  no  influenco  over  tlio  procaai,  thMMffe 
ia  diaengaged,  that  tha  qoaotlty  of  acid  anflbra  no  dtankmliia,il 
tliat  100  parU  of  tUrch  ytald  110.14  of  aagar.    By  carafnl  a^frfL 
ha  found  that  tha  only  duferenca  in  tlio  eompoaitionof  thaatadal 
ai^ar  ia,  that  tha  kttar  contalna  mora  of  the  elementa  of  wilnl 
tlia  former.    He  hence  inforrad  that  Che  atarch  ia  convertad  iali 
by  ICf  elementa  combining  with  a  certain  quantity  of 
drogen  In  the  proportion  to  form  water;  and  tliat  the  i 
Increaaing  tlia  fluidity  of  the  maaa.  (Ann.  of  Phlloaoplqr,  lal; 
Saoasure  alao  found  tliat  a  krae  quautitv  of  aaecbarlne  mHvIiim- 
doeedt  wlien  gebtlnoua  ftarch  or  amidine  la  kept  for  a  Ink  iM 
either  with  or  wichoot  the  aceeta  of  air.  (An.  do  Ch.  at  ai  lb. 
▼ol.  xi.) 

Tbe  recent  raaaarchea  of  M,  Caventon,  already  lefomi  Hb  Im 
thrown  coniiderable  Iteht  on  the  chemical  nature  of  aafani  flf  ii 
amylaceous  princlplea  or  commerce.  The  Indian  arrow  rvaf,  irUelb 
prepared  from  the  root  of  the  Mdranta  arundinaeea,  has  all  tbe  cha- 
racters of  pure  starch.  Sago,  obtained  from  the  pith  of  an  Eut  b- 
dian  palm  tree,  {Cyea$  circinalis)  aod  tapioca,  from  tbe  root  of  tbe 
Jatropha  manihot,  are  chemically  the  same  substance.  Tbey  both 
exist  in  the  plants  from  which  they  are  extracted,  in  the  form  of  stirdi; 
but  as  heat  is  employed  in  their  preparation,  the  atarch  is  more  or  ka 
completely  converted  into  amidine.  It  hence  follows  that  pore  po- 
tato-starch may  be  used  instead  of  arrow  root,  and  that  the  samena- 
terial,  modified  by  heat,  would  afford  a  good  substitute  for  sagoini 
tapioca.  Salep,  which  is  obtained  from  the  Orchis  mtuctUa,  conaitt 
almost  entirely  of  the  substance  called  baaaorin,  together  with  a  nail 
quantity  of  gum  and  starch. 

Gum. 

Gum  is  a  common  proximate  principle  of  vegetables,  and  is  Mt  , 

confined  to  any  particular  part  of  plants.    The  purest  variety  is  tbe  'l 

gum  arable,  the  concrete  juice  of  several  species  of  the  Mimoaa  a  I 

Acacia,  natives  of  Africa  and  Arabia.  ! 


Gum  arable  occurs  in  small,  rounded,  transparent,  friable  grains, ( 
monly  of  a  pale  yellow  colour,  inodorous,  and  nearly  tasteless,  fi 
softens  when  put  into  water,  and  then  dissolves,  forming  a  viscid  M- 
lution  called  mucilage.  It  is  insoluble  in  alcohol  and  ether,  and  thi 
former  precipitates  gum  from  its  solution  in  water  in  the  formof  optka 
white  flakes.  It  is  soluble  both  in  alkaline  solutions  and  In  ohm* 
water,  and  is  precipitated  unchanged  by  acids.  The  dilute  adds  db* 
aolve,  and  t\\e  coYieetiVi^Vft^  «fi,vd«  decompose  gum.  Sulphuric  add 
the  Coimai\\oik  ol  ^^\fi.i  vcA^«ft.>ic%xX^^vQA.^v^^Uoa  of  cfai^ 
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coal.  Digested  with  strong  nitric  acid,  it  yields  saecholaetle  acid,  a 
property  wliich  forms  a  good  character  for  gum.  The  malic  and  oxa- 
Uc  acids  are  generated  at  the  same  time. 

The  aqueous  solution  of  gum  may  be  preserved  a  considerable  time 
without  alteration ;  but  at  length  it  becomes  sour,  and  exhales  an  odour 
of  acetic  acid ;  a  change  which  taltes  place  without  exposure  to  the 
ftir,  and  must,  therefore,  be  owing  to  a  new  arrangement  of  its  own 
elements. 

Gum  is  precipitated  from  its  solution  in  water  by  several  metallic 
•alts,  and  especially  by  the  subacetate  of  lead,  which  occasions  a 
curdy  precipitate,  consisting  of  3S.25  parts  of  the  oxide  of  lead,  and 
61.75  parts  of  gum.  (Berzelius.) 

When  gum  is  heated  to  redness  in  close  vessels,  it  yields,  in  addi- 
tion to  the  usual  products,  a  small  quantity  of  ammonia,  which  is  pro- 
bably derived  from  some  impurity.  It  affords  a  large  residue  of  ash, 
when  burned,  which  amounts  to  three  per  cent,  and  consists  chiefly 
of  the  carbonate,  together  with  some  phosphate  of  lime,  and  a  little 
iron. 

From  the  analysis  of  Gay-Lussac  and  Thenard,  it  appears  that  1(M) 
parts  of  gum  arable  consist  of  carbon  42.23,  oxygen,  ^.84,  and  hy- 
drogen 6.93.  This  result  corresponds  very  closely  with  that  of  fier- 
zelius. 

Besides  gum  arable  there  are  several  well-marked  kinds  of  this  prin« 
ciple,  especially  the  gum  tragacanth,  cherry-tree  gum,  and  the  muci- 
lage from  linseed.  All  these  varieties,  though  distinguishable  from 
one  another  by  some  peculiarity,  have  the  common  character  of  yield- 
ing the  saccholactic  by  the  action  of  nitric  acid.  (Dr  Bostock  in 
Nicholson's  Journal,  vol.  xviii.)  The  substaAce  called  vegetable  jelly, 
such  as  is  derived  from  the  currant,  appears  to  be  mucilage  or  some 
modification  of  gum  combined  with  vegetable  acid. 

A  substance  very  analogous  to  vegetable  jelly,  if  not  identical  with 
It,  has  been  described  by  M.  Braconnot  as  a  distinct  acid  under  the 
name  of  pectic  acid,  (from  ^r^xric  coagulum),  indicative  of  its  ten- 
dency to  gelatinize.  M.  Braconnot  believes  it  to  be  present  in  all 
plants ;  but  extracts  it  chiefly  from  the  carrot.  The  original  account 
of  its  properties  appears  to  have  been  exaggerated,  and  its  claim  to  be 
regarded  as  an  independent  proximate  principle  has  not  yet  been  clearly 
established.  (An.  de  Ch.  et  Ph.  xxviii.  173.) 

Ldgnin. 

Lignin  or  woody  fibre  constitutes  the  fibrous  structure  of  vegeta- 
ble substances,  and  is  the  most  abundant  principle  in  plants.  The 
different  kinds  of  wood  contain  about  96  per  cent  of  lignin.  It  is 
prepared  by  digesting  the  sawings  of  any  kind  of  wood  successively 
in  alcohol,  water,  and  dilute  muriatic  acid,  until  all  the  substances 
soluble  in  these  menstrua  are  removed. 

Lignin  has  neither  taste  nor  odour,  undergoes  no  change  by  keep- 
ing, and  is  insoluble  in  alcohol,  water,  and  the  dilute  acids.    By  diges- 
tion in  a  concentrated  solution  of  pure  potassa,  it  is  converted,  ac- 
cording to  M.  Braconnot,  into  a  substance  similar  to  ulrain.     Mixed 
with  strong  sulphuric  acid,  it  suffers  decomposition,  and  is  changed 
into  a  matter  resembling  gum ;  and  on  boiling  the  liquid  for  some  time, 
the  mucilage  disappears,  and  a  saccharine  principle  like  the  su^ar  oC 
grapes  is  genera  ted.    M.  Braconnot  finds  l\\%l  aevQT^X  o\^^x  ^vi^%V^Tv^.«% 
wbicb  consist  cbieQy  of  woody  fibre,  sucVi  ats  aVtaL^,  Xi-wV^  oxXvBfcVi, 
yield  sugar  by  a  simiJar  treatment.    (\n.  do  CYv.  eV^o^V.N^X.  ^^^ 
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INfaHid  in  Ditiie  Mid,  ligiiiabeoii?«todllM»tfiiiidk»Mik^li| 
Mtdeftddt. 

When  Um  woody  fibra if  hettod  in  doM  yteeli»  ttytaUirlii-. 
qntntlty  of  Impure  aeetie  tcid.  (|ijrollgnaoat  ■eld)^  «id  dmsmm 
gi«ftt  purltT  reraaios  Id  the  retort*  Dorfaif  tiiia  nreceee,  tfi^l 
miritooat  Uqoid  it  formed,  which  wn  dieeoTered  In  UM  %f  ml 
Tkylor*,  anil  hae  been  examfaied  by  IfM.  Maealro  and  HMmt^.dV 
fHopoeed  for  it  the  name  of  pyraxyHe  wpirii.  This  liquid  li  iM^ 
alcohol  la  aereral  of  llf  propertiea,  Imt  diflan  from  it  MMnfhlvhli 
yieldhif  ether  bw  the  aetloo  of  sulphurie  add.    It  hae  a  atnMb  Wf 

KBt,  ethereal  oitoiir,  with  a  flavour  liico  dia  dO  ctf  pepMaiiEt  | 
Us  at  160''  F.  and  lu  deniity  b  0^18.  It  bmne  widi  aUM  ftrit 
and  without  reaidue.  The  pyroaeetie  epirlt*  obtatawd  IvylfrCtito 
▼ia  by  diftltNng  the  aeetatea  of  inanganeae,  alae*  and  laadl|  dHhiiii 
the  pyroxylle  apirlt,  not  only  in  eompo8ltlon»  but  In  bandvaHi 
yellow  flame,  and  In  being  miaclble  In  aD  proportionf  wiftnifid 
turpentine.  Pyroxylle  apmt,  according  to  the  analyaiiof  IbalBtti 
Mucet,  eonaittf  of  carbon,  oxygen,  and  hydromn,  trery  ntadrhif 
proportion  of  aiz  eoulralentf  of  the  firat,  four  ortha  eaeond,miiiMi 
af  the  third ;  and  tne  pyroaeetie  apirlt,  of  foar  eqoivalenti  if  < 
two  of  oxvgvn,  and  three  of  hydrogen.    The  pjroaeetle  ■¥ 

▼enr  almilar,  if  not  identical  with  the  pyroaeetie  ether  rf] , 

ancf,  lilre  the  p3rroiylic  tplrlt,  difiera  eeaentlally  from  alcM  kiHt 
yielding  ether  by  the  action  of  aulphurlc  acid.  (Ptee  4S7.) 

The  llgneoufl  fibre  waa  found  by  Oay-Luaaae  and  Tlieaaid  ta  e» 
aift  of  carbon  61.48,  oxygen  42.78,  and  hydrogen  5.82.  AeeorihfH 
Dr  Prout  it  contaios  ffO  per  cent  of  carboo. 


SECTION  V. 

SUBSTJIATCES  WHICH,  SO  FAR  JiS  IS  KJ>rOWX,  DO 
JVOT  BELOJSTQ  TO  EITHER  OF  THE  PRECEDUfQ 
SECTIOJVS. 

Colouring  Matter. 

lofinite  diversity  exists  in  the  colour  of  vegetable  substances;  M 
the  prevailing  tints  are  red,  yellow,  blue,  and  green,  or  mixtuMil 
these  colours.  The  colouring  matter  rarely  or  never  occurs  in  an  ii* 
sulated  state,  but  is  always  attached  to  some  other  proximate  priodpk^ 


such  as  mucilaginous,  extractive,  farinaceous,  or  resinous  eubstaaeay 
by  which  some  of  its  properties,  and  in  particular  that  of  solabOityi  ii 
greatly  influenced.  Nearly  all  kinds  of  vegetable  colouring  mitta 
are  decomposed  by  the  combined  agency  of  tne  sun's  rays  and  a  mill 
atmosphere ;  and  they  are  all,  without  exception,  destroyed  by  chkidMi 
(Page  197.)  Heat,  likewise,  has  a  similar  effect,  even  without  bd^ 
varv  intense;  for  a  temperature  between  300°  or  400°  F.  aided  if 
aiottt  air,  destroys  the  colouring  ingredient.    Acids  and  alkalief  can* 
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Indies.  Pftper  stained  with  a  decoction  of  ttiis  substance  constitutes 
the  iunnene  or  curcuma  paper,  employed  by  chemists  as  a  test  of 
free  allnii,  by  the  action  of  which  it  receives  a  brown  stain. 

The  colouring  ingredient  of  saflhin  (Crocus  aativus)  is  soluble  in 
water  and  alcohol,  has  a  bright  yellow  colour,  is  rendered  blue  and 
then  lilac  by  sulphuric  acid,  and  receives  a  green  tint  on  the  addition 
of  nitric  acid.  From  the  great  diversity  of  colours  which  it  is  capable 
of  assuming  under  different  circumstances,  MM.  Bouillon  Lagrange 
and  Vogel  have  proposed  for  it  the  name  of  polychroiic,  (An.  de  Ch. 

TOl.    IXXZ.) 

Black  DycB.-^Tht  black  dye  is  made  of  the  same  ingredients  as 
writing  ink,  and  therefore  consists  essentially  of  a  compound  of  the 
oxide  of  iron  with  gallic  acid  and  tannin.  From  the  addition  of  log- 
wood and  acetate  of  copper,  the  black  receives  a  shade  of  blue. 
■  By  the  dexterous  combination  of  the  four  leading  colours,  blue,  red, 
yellow,  and  black,  all  other  shades  of  colour  may  be  procured.  Thus 
.green  is  communicated  by  forming  a  blue  ground  with  indigo,  and  then 
adding  a  yellow  by  means  of  quercitron  bark. 

The  reader  who  is  desirous  of  studying  the  details  of  dyeing  and 
calico-printing,  a  subject  which  does  not  fall  within  the  plan  of  this 
work,  may  consult  Berthollet's  Elements  de  VArt  de  la  Teinturc ; 
the  treatise  of  Dr  Bancroft  on  Permanent  Colours ;  a  paper  by  Mr 
Henry  in  the  third  volume  of  the  Manchester  Memoirs ;  and  the  Es- 
niy  of  Thenard  and  Roard  in  the  74th  volume  of  the  Annalcs  de 
Cnimie. 

Tarmin. 

Tannin  exists  in  large  quantity  in  the  excrescences  of  several  spe- 
cies of  the  oak,  called  gall-nuts  ;  in  the  bark  of  most  trees ;  in  some 
hispissated  juices,  such  as  kino  and  catechu ;  in  the  leaves  of  the  tea- 
plant,  sumach,  whortleberry,  (  Uva  first,)  and  in  all  astringent  plants, 
oeiog  the  chief  cause  of  the  astringency  of  vegetable  matter.  It  is 
frequently  associated  with  gallic  acid,  as  for  example  in  gall-nuts, 
most  kinds  of  bark,  and  in  tea ;  but  in  kino,  catechu,  and  cinchona 
bark,  no  gallic  acid  is  present.  In  some  instances,  tannin  appears  to 
be  converted  into  gallic  acid.  Thus  on  exposing  an  infusion  of  gall- 
nuts  for  some  time  to  the  air,  nearly  all  the  tannin  disappears,  and  a 
quantity  of  gallic  acid  is  found  in  the  liquid  much  greater  than  what 
It  had  originally  contained.  (Page  439.) 

Several  processes  have  been  recommended  for  the  preparation  of 
tannin ;  but  it  is  doubtful  if  it  has  ever,  by  these  methods,  been  ob- 
tained in  a  pure  state.  Owing  to  this  circumstance,  the  nature  and 
composition  of  tannin  is  Involved  in  obscurity.  Proust  proposes  to 
prepare  tannin  by  pouring  muriate  of  tin  into  a  concentrated  solution 
of  Aleppo  galls,  until  the  yellowish  precipitate,  which  at  first  falls, 
ceases  to  appear.  The  precipitate  is  washed  with  a  small  quantity  of 
cold  water,  and  then  dissolved  in  warm  water,  through  which  a  current 
of  sulphuretted  hydrogen  gas  is  transmitted,  in  order  to  precipitate  the 
tin.  From  the  clear  liquid,  after  being  filtered,  the  tannin,  mixed  with 
a  little  gallic  acid  and  extractive  matter,  is  procured  by  gentle  evapora- 
tion. 

Tannin,  in  its  dry  state,  is  a  brown  friable  substance,  of  a  resinous 
fracture,  insoluble  in  pure  alcohol,  but  soluble  in  water.    The  aqueous 
solution  has  a  deep  brown  colour,  and  is  said  not  to  become  mouldy  by 
keeping.    It  has  a  strong  attraction  both  for  acuU  ^ti«\  ^\V.'a\\^%^\QxvE!^aci% 
compounds  which  are,  for  the  most  part,  ol  s^^^^^  %o\^]^LyX\Vs\\:w^^^^^< 


476  Tannin. 

Thuf  Che  sulpharic,  muriatic,  tnd  most  other  acids,  added  to  a  solotioD 
of  gall-Dut!>,  cause  a  precipitate,  which  is  tannin  combined  with  a  pot* 
tion  of  acid.  The  alluline  bases  have  a  similar  effect.  Tannin  is  pre* 
cipitated,  for  example,  by  the  carbonates  of  potassa  and  ammonia,  ij 
the  alkaline  earths,  by  alumina,  and  many  of  the  oxides  of  the  com- 
mon metals.  Nitric  acid  and  chlorine  decompose  tannin,  produdngi 
change,  the  nature  of  which  is  not  well  understood. 

The  most  chaiacteristic  property  of  tannin  is  its  action  on  asihof 
iron  and  a  solution  of  gelatin.  With  the  peroxide  of  iron,  or  still  bet- 
ter with  the  protoxide  and  peroxide  mixed,  tannin  forms  a  bl^- 
coloured  compound,  which,  together  with  the  gallate  of  iron,  conifi* 
tutei  the  basis  of  writing  ink  and  the  black  dyes.  (Page  475.)  Mixad 
with  a  solution  of  gelatin,  a  yellowish  flocculent  precipitate  subade^ 
which  is  insoluble  in  water,  resists  putrefaction  powerfully,  and  ob 
drying  becomes  hard  and  tough.  This  substance,  to  which  die  man 
of  ianno -gelatin  has  been  applied,  is  the  essential  basis  of  leather, 
being  always  formed  when  skins  are  macerated  in  an  infusion  of  but 
The  composition  of  tanno-gelatin  is  not  always  uniform,  having  beo 
found  by  Dr  Duncan,  jun.  and  Dr  Bostock  to  vary  with  the  proportiotf 
employed.  If  the  gelatin  is  added  in  slight  excess  only,  the/esoftii^ 
compound  consists,  according  to  Sir  H.  Davy,  of  54  parts  of  gelatia 
and  46  of  tannin ;  so  that  the  quantity  of  tannin  contained  in  any  fluid 
may  in  this  way  be  determined  with  tolerable  precision.  Tanno- 
gelatin  is  soluble  to  a  considerable  extent  in  an  excess  of  gelatin. 

From  an  analysis  of  the  compound  of  tannin  and  oxide  oflead,  Ber- 
zclius  states  that  100  parts  of  tannin  are  composed  of  carbon,  50.55, 
oxygen  45,  and  hydrogen  4.45.  Little  reliance,  however,  can  be 
placed  on  this  result,  because  we  are  quite  uncertain  as  to  the  purity 
of  the  tannin,  which  was  combined  with  the  lead. 

From  the  experiments  of  Sir  H.  Davy,  it  appears  that  the  inner  cor- 
tical layers  of  barks  are  the  richest  in  tannin:  The  quantity  is  greatest 
in  the  beginning  of  spring:,  at  the  time  the  buds  begin  to  open,  and 
smallest  duiiiift  winter.  Of  all  the  varieties  of  bark  which  he  axamined, 
that  of  the  oak  contains  the  greatest  quantity  of  tannin. 

Artificial  Tannin— This  interesting  substance  was  discorered 
twenty  years  ago  by  Mr  Hatchett,  who  gave  a  full  description  of  it 
in  the  Philosophical  Transactions  for  1S05  and  1S06.  The  best 
method  of  preparino;  it  is  by  the  action  of  nitric  acid  on  charcoal. 
For  this  purpose,  100  grains  of  charcoal  in  fine  powder  are  digested  in 
an  ounce  of  nitric  acid,  of  density  1.4,  diluted  with  two  ounces  of  water. 
The  mixture  is  exposed  to  a  gentle  heat,  which  is  to  be  continoed 
until  all  the  charcoal  is  dissolved.  The  reddish-brown  solution  is  thca 
evaporated  to  dryness,  in  order  to  expel  the  pure  acid,  the  temperature 
being  carefully  regulated  towards  the  close  of  the  process,  so  that  the 
product  may  not  be  decomposed. 

Artificial  tannin  is  a  brown  fusible  substance,  of  a  resinous  fracture, 
and  astringent  taste.  It  is  soluble  even  in  cold  water  and  in  alcohol 
It  reddens  litmus  paper,  probably  from  adhering:  nitric  acid.  Withi 
salt  of  iron  and  solution  of  gelatin,  it  acts  precisely  in  the  same  raaa- 
ner  as  natural  tannin.  It  differs,  however,  from  that  substance  in  not 
being  decomposed  by  the  action  of  strong  nitric  acid. 

Artificial  tannin  may  be  prepared  in  several  ways.  Thus  it  is  gen- 
ch.rl  7  \^  ^^''°"  °^  ^'^^"^  ^*^'^'  ^oth  on  animal  or  vegetable 
severa?  L^;"^  ^'^  p/t-coal.  asphaltura,  jet,  indigo,  common  reshi, ««» 
resin   Iw"^  substances.    It  is  also  procured  by  treating  common 

acS^andTh^n'^Uh^V^^^^^^^^  ^^^  ^-^  with%«lph-ic 
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Gluten.  Teast.  Vegetable  Albumen. 

Grloten  is  procured  by  the  process  which  was  described  for  prepa- 
ring starch  from  wheat  flour.  (Page  468.)  It  has  a  gray  colour  and 
fibrous  structure,  accompanied  with  a  high  degree  of  viscidity  and 
elasticity.  It  has  scarcely  any  taste,  and  is  insoluble  in  water,  alcohol, 
and  ether  ;  but  Dr  Bostock  found  that  a  small  portion  is  taken  up  by 
long  digestion  in  water.  Both  the  acids  and  alkalies  dissolve  gluten. 
The  acid  solution  is  precipitated  by  an  alkali,  and  reciprocally  the 
alkaline  solution  by  an  acid,  the  gluten  in  each  case  having  lost  its 
elasticity. 

When  gluten  is  kept  in  a  warm  moist  situation  it  ferments,  and  an 
acid  is  formed ;  but  in  a  few  days  putrefaction  ensues,  and  an  offensive 
odour,  like  that  of  putrefying  animal  matter,  is  emitted.  According 
to  Proust,  who  has  made  these  spontaneous  changes  a  particular 
object  of  study,  the  process  is  divisible  into  two.  distinct  periods.  In 
the  first,  carbonic  acid  and  pure  hydrogen  gases  are  evolved ;  and  in 
the  second,  besides  the  acetic  and  phosphoric  acids  and  ammonia, 
two  new  compounds  are  generated,  for  which  he  proposes  the  names 
of  easeie  add  and  caseous  oxide.  These  are  the  same  principles 
which  are  generated  during  the  fermentation  of  the  curd  of  milk,  and 
their  real  nature  will  be  considered  in  the  section  on  milk.  It  is  ap- 
parent from  these  circumstances  that  gluten  contains  nitrogen  as  one 
of  its  elements,  and  that  it  approaches  closely  to  the  nature  of  animal 
■abstances.    It  has  hence  been  called  a  vegeto-animal  principle. 

If  gluten  is  dried  by  a  gentle  heat,  it  contracts  in  volume,  becomes 
hard  and  brittle,  and  may  in  this  state  be  preserved  without  change. 
EUposed  to  a  strong  heat,  it  yields,  in  addition  to  the  usual  inflamma- 
ble gases,  a  thick  fetid  oil,  and  carbonate  of  ammonia. 

Gluten  is  present  in  most  kinds  of  grain,  such  as  wheat,  barley,  rye, 
oats,  peas,  and  beans ;  but  the  first  contains  it  in  by  far  the  largest 
proportion.  This  is  the  reason  that  wheaten  bread  is  more  nutritious 
than  that  made  with  other  kinds  of  flour ;  for  of  all  vegetable  substan* 
ees,  gluten  appears  to  be  the  most  nutritive.  It  is  to  the  presence  of 
gluten  that  wheat  flour  owes  its  property  of  forming  a  tenacious  paste 
witii  water.  To  the  same  cause  is  owing  the  formation  of  lieht 
spongy  bread  ;  the  carbonic  acid  which  is  disengaged  during  the  fer- 
mentation of  dough,  being  detained  by  the  viscid  gluten,  distends  the 
whole  mass,  and  thus  produces  the  rising  of  the  dough.  From  the 
experiments  of  Sir  H.  Davy,  it  appears  that  good  wheat  flour  contains 
from  19  to  24  per  cent  of  gluten.  The  wheat  grown  in  the  south  of 
Europe  is  richer  in  gluten  tnan  that  of  colder  climates.  • 

Bf .  Taddey,  an  Italian  chemist,  has  succeeded  in  obtaining  two  dis- 
tinct principles  from  gluten,  to  one  of  which  he  has  applied  the  name  of 
fhadme,  from  yxiet  gluten,  and  to  the  other  that  of  zymome,  from 
v/fC«,  a  ferment.  (Ann.  of  Phil.  vol.  xv.) 

To  obtain  these  principles,  the  gluten  is  boiled  with  successive  por- 
tions of  alcohol,  until  the  spirit  ceases  to  be  rendered  milky  by  the  ad- 
dition of  water.  By  this  process  the  gliadine,  which  is  soluble  in  al- 
cohol, is  dissolved,  and  may  be  procured  by  evaporating  the  alcoholic 
solution  ;  while  the  zymome,  which  is  insoluble  in  that  menstruum,  is 
left  in  a  pure  state. 

Gliadine  is  a  brittle,  slightly  transparent  substance,  of  a  yellow  co- 
lour, and  a  sweetish  balsamic  taste.    Its  smell,  in  (he  cold.  Is  l\k&  ^!cA^. 
of  the  honeycomb ;  but,  when  heated,  it  emits  qlh  o^iovix  «\\sv\-m  Vn  ^"^^^ 
of  boiled  apples.    It  is  soluble  to  a  coas'idetaibVe  «xVeik\.ui  W'^ivc^^|»^~ 
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Mhol,  Md  b  In  part  dcporfted  III  codnDs.  Tte  •InlMSeioMMli 
md  BrilkT  bf  wiiw,  Md  ths  cPtoAM  to  pndflMitd  to  iMi 
by  lOcilliie  cvboBttM.    It  to  Inmkibte  la  w«tH,  but  to  dlMto 


•«  by  Mkto  uid  allnKM.    WImb  bMlad  la  the  opM  ato,  It  ttta  H 
mA  MBM  with  a  bri|^t  flame. 

ZyBOflMtoaliafdtoiig^MibataBee,bal  ^oeaitot  poanaAeitait 
dHy  ef  fhitca*  It  to  Inaohible  to  water  mad  alcoliol ;  bat Utodbnto 
•d  to  megar  md  the  mtoatal  adds  bf  tiM  eld  of  heat,  and  Inmi 
•eep  witb  poie  potaHa.  Under  iiToorabie  etorniaataiK 
wUheet  preTlooalj  tormenltog  Kke  gluten ;  end  when 
en  edoor  like  that  ef  buratof  hair.  .  It  prodneee  ▼eriooi  ktoii  tf  » 

itatton  according  te  the  natnre  of  the  enbetence  with  vMI 

let  to  contact. 

ILTedday  baa  diaeoferad  aTonrdelicete  teet  of  tbepiiMeeiif 
ifmooM.  On  mtolng  the  powder  orgaalaeam  with  symooa,  a  toed^ 
fill  bine  eotour  instantly  appaan»  and  the  eeme  phenoaaeoe  mmm, 
thoiwh  tola  rapidly,  when  it  to  kneeded  with  glnten  erttelonrf 
good  wheat  moistened  with  water.    With  bed  flour,  the  gWmrf 


which  bba  sofliered  spontaneons  decompoaltloa.  the  bhie  ttothmn^f 
vWbto.  The  totenalty  ol  the  cotour»  indeed,  to  entirely  dipmihatfli 
the  retotlrecpianlity  of  lymome  contained  In  the  flour  ;aidMi  (to 
qoantlty  of  lymome  to  proportional  to  the  qoentlty  of  ^rtMi  In 
pceportion  of  the  latter,  and  therefore  the  qnall^  of  the  ilNr,«9to 
eatimated  approsimataly  by  the  action  of  guetoemn. 

The  nature  of  the  change  which  gtvee  rtoe  to  the  btaacolHrtoi 
not  been  ezplsfoed ;  but  ozycen  gas  to  obviously  esaenttol  to  it,  dm 
the  pheoomeiion  does  not  take  pUce  at  all  when  atmospheiie  ilr  b 
excluded. 

Feosl.— This  substance  is  always  generated  during  the  Tboos  fef- 
meotation  of  vegetable  juices  and  decoctions,  rising  to  thesinftceii 
the  form  of  a  frothy,  flocculent,  somewhat  viscid  matter,  the  natae 
and  composition  of  which  are  unknown.  It  is  insoluble  in  water  nd 
alcohol,  and  in  a  warm  moist  atmosphere  gradually  putrefies, aafr 
dent  proof  that  nitrogen  is  one  of  its  elements.  Submitted  to  a  iao4p 
crate  heat,  it  becomes  dry  and  hard,  and  may  in  this  state  be  pte* 
served  without  change.  Heated  to  redness  in  close  vessels,  it  yields 
products  similar  to  those  procured  under  the  same  circumstances  fioa 
gluten.  To  this  substance,  indeed,  yeast  is  supposed  by  some  chemiiti 
to  be  very  closely  allied. 

The  most  remarkable  property  of  yeast  is  that  of  exciting  fenneot* 
ation.  By  expoiiure  for  a  few  minutes  to  the  heat  of  boiling  water, 
it  loses  this  property,  but  after  some  time  again  acquires  it.  Nothing 
conclusive  is  known  concerning  either  the  nature  of  these  chaDgH, 
or  the  mode  in  which  yeast  operates  in  establishing  the  fermeatatlTe 
process. 

Vegetable  Mbumen  .Some  vegetables  contain  a  substence  eoig- 
ulable  by  heat,  and  which  is  very  analogous  to  animal  albumeDW 
curd.  It  was  found  in  the  bitter  almond  by  Vogel,  in  the  sweet  il* 
mond  by  M.  Boullay,  and  probably  exists  in  most  of  the  emubiTt 
seeds.  (Ann.  of  Ph.  vol.  xii.  p.  89) 
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^sparagin,  Bassorin,  Caffein,  Cathartin,  Fungin^ 
Suberin,  Ulmin,  Lupulin,  Inuliny  Medullin^  Pol- 
lening Piperiny  Oliviley  Sarcocolly  Rhtibarbarinj 
Colocyntinj  Bitter  Principle,  Extractive  Matter. 

Asparagin. — ^This  principle  was  discovered  by  MM.  Vauquelin  and 
Roblquetln  the  juice  of  the  asparagus,  from  which  it  is  deposited  in 
eiystals  by  evaporation.  The  form  of  its  crystals  is  a  rectangular  octa- 
hedron, six-sided  prism,  or  right  rhombic  prism.  Its  taste  is  cool  and 
slightly  nauseous ;  it  is  soluble  in  water,  and  has  neither  an  acid  nor 
alkaline  reaction.  (Ann.  de  Ch.  Ivii.  8S.) 

BtUBorin  was  first  noticed  in  gum  bassora  by  Vauquelin.  Accord- 
lag  to  Geblen  and  Bucholz,  it  is  contained,  together  with  common 
gum,  in  the  gum  tragacanth ;  and  John  found  it  in  the  gum  of  the 
cherry  tree.  Salep,  from  the  experiments  of  Caventou,  appears  to 
consist  almost  totally  of  bassorin. 

Bassorin  is  characterized  by  forming  with  cold  water  a  bulky  jelly, 
which  is  insoluble  in  that  menstruum,  as  well  as  in  alcohol  and  ether. 
Boiling  water  does  not  dissolve  it,  except  by  long  continued  ebullition, 
when  the  bassorin  at  length  disappears,  and  is  converted  into  a  sub- 
stance similar  to  gum  arable. 

Caffein  was  discovered  in  coffee  by  M.  Robiquet  in  the  year  1821, 
and  was  soon  after  obtained  from  the  same  source  by  Pelletier  and 
Caventou,  without  a  knowledge  of  the  discovery  of  Robiquet.  It  is 
a  white  crystalline  volatile  matter,  which  is  soluble  in  boiling  water 
and  alcohol,  and  is  deposited  on  cooling  in  the  form  of  silky  filaments 
like  amianthus.  M.  Pelletier,  contrary  to  the  opinion  of  M.  Robiquet, 
at  first  regarded  it  as  an  alkaline  base ;  but  he  now  admits  that  it  does 
not  afiect  the  vegetable  blue  colours,  nor  combine  with  acids.  (Jour- 
nal de  Pharmacie  for  May  1826.) 

Hitherto  the  properties  of  caffein  have  not  been  fully  described. 
From  the  analysis  of  Pelletier  and  Dumas,  100  parts  of  it  consist  of  car- 
bon 46.61,  nitrogen  21.54,  hydrogen  4.81,  and  oxygen  27.14.  Though 
it  contains  more  nitrogen  than  most  animal  substances,  it  does  not, 
under  any  circumstances,  undergo  the  putrefactive  fermentation. 

Cathttrtin. — This  name  has  been  applied  by  MM.  Lassaigne  and 
Feneulle  to  the  active  principle  of  senna.  (An.  de  Ch.  et  de  Ph.  vol. 

XTlJ 

Angin, — This  name  is  applied  by  M.  Braconnot  to  the  fleshy 
lobstanee  of  the  mushroom.  It  is  procured  in  a  pure  state  by  diges- 
tion in  hot  water,  to  which  a  little  alkali  is  added.  Fungin  is  nutri- 
tious in  a  high  degree,  and  in  composition  is  very  analogous  to  animal 
lubstances.  Like  flesh,  it  yields  nitrogen  gas  when  digested  in  dilute 
nitric  add. 

Suberin. — This  name  has  been  applied  by  M.  Chevreul  to  the  cel- 
lular tissue  of  the  common  cork,  the  outer  baik  of  the  cork-oak,  (quer- 
€US  tvher,)  after  the  astringent,  oily,  resinous,  and  other  soluble 
matters  have  been  removed  by  the  action  of  water  and  alcohol.  Su- 
berin differs  from  all  other  vegetable  principles  by  yielding  the  suberic  ' 
when  treated  by  nitric  acid. 

ZJhnin,  discovered  by  Klaproth,  is  a  subal^iiice  v?V\0^  e'&M\«^«^^^* 
tMDeoualy  from  the  elm,  oak,  chesnut,  and  o\V\eT  Vc^^^^^^tA^^^^^^"^^*^ 
to  Berzelius  Ib  a  constituent  of  most  kinds  o^  Vi^\\L.    W  ^"'^'^  Xi^'^^^ 
»«red  by  acting  upon  elm-bark  by  hot  a\co\vo\,  «kii^  to\^  ^^v^x.»"« 
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then  dilating  the  residue  in  water  which  contains  an  allcaline  cailxm- 
ate  in  solution.  On  neutralizing  the  allcali  with  an  acid,  the  uhndn  k 
precipitated. 

Ulmin  is  a  darlc  brown,  nearly  black  substance,  is  insipid  and  ioo- 
dorous,  and  is  very  sparingly  soluble  in  water  and  alcohol.  It  dissolves 
freely,  on  the  contrary,  in  the  solution  of  an  alkaline  carbonate,  and  it 
thrown  down  by  an  acid.  , 

Lupulin  is  the  name  applied  by  Dr  Ives  to  the  active  principle  of 
the  hop,  but  which  has  not  yet  been  obtained  in  a  state  of  purity. 

Jnulin  is  a  white  powder  like  starch,  which  is  spontaneously  d^ 
posited  from  a  decoction  of  the  roots  of  the  Inula  helenium  or^- 
eampane.  This  substance  is  insoluble  in  cold,  and  soluble  io  hot  * 
water,  and  is  deposited  from  the  latter  as  it  cools,  a  character  wfaidi 
distinguishes  it  from  starch.  With  iodine  it  forms  a  gieenisb-yellow 
compound  of  a  perishable  nature.  Its  solution  is  somewhat  mudh' 
ginous ;  but  inulin  is  distinguished  from  gum  by  insolubility  in  cdd 
water,  and  In  not  yielding  the  saccholactic  when  digested  in  oitric 
acid. 

MeduUin. — This  name  was  applied  by  John  to  the  pith  of  (he  sun* 
flower,  but  its  existence  as  an   independent   principle  issomenrhat 
dubious.    The  term  pollenin  has  been  given  by  the  same  chemist  to     ' 
the  pollen  of  tulips. 

Piperin  is  the  name  which  is  applied  to  a  white  crystalline  substance 
extracted  from  black  pepper.  It  is  tasteless,  and  is  quite  free  from 
pungency,  the  stimulating:  property  of  the  pepper  being  found  to  reside 
in  a  lived  oil.  (Pelletier,  in  An.  de  Cli.  et  de  Ph.  vol.  xvi.) 

0//r//c.— When  the  pum  of  the  olive  tree  is  dissolved  in  alcohol,  and 
the  solution  is  allowed  to  evaporate  spontaneously,  a  peculiar  sub- 
stance, apparently  different  from  the  other  proximate  piinciples  hither- 
to examined,  is  deposited  either  in  flattened  needles  or  as  a  brilliant 
amylaceous  powder.  To  this  M.  Pelletier,  its  discoverer,  has  given 
the  name  ot  olivile.  (An.  of  Phil.  vol.  xii.) 

Sarcocoll  is  the  concrete  juice  of  the  Pencea  sarcocoUa,  a  plant 
which  grows  in  the  northern  parts  of  Africa .  It  is  imported  in  the 
form  of  small  grains  of  a  yellowish  or  reddish  colour  like  gum  arable, 
to  which  its  properties  are  similar.  It  has  a  sweetish  taste,  dissolves 
In  the  motith  hke  gum,  and  forms  a  mucilage  with  water.  It  is  dis- 
tinguished from  gum,  however,  by  its  solubility  in  alcohol,  and  by  its 
aqueous  solution  being  precipitated  by  tannin.  Dr  Thomson,  who  his 
given  a  full  account  of  sarcocoll  in  his  System  of  Chemistry,  con- 
siders it  closely  allied  to  the  saccharine  matter  of  liquorice. 

Rhubarbarin  is  the  name  employed  by  Pfaffto  designate  the  prin- 
ciple in  which  the  purgative  property  of  the  rhubarb  resides.  M. 
Nani  of  Milan  regards  the  active  principle  of  this  plant  as  a  vegetable 
alkali;  but  he  has  not  given  any  proof  of  its  alkaline  nature.  (Joamil 
of  Science,  vol.  xvi.  page  172.) 

Colocyntin.—Thxs  name  is  applied  by  Vauquelin  to  a  bitter  re- 
smous  matter  extracted  from  colocynth,  and  to  which  he  ascribes  the 

properties  of  this  substance.  (Journal   of  Science,   vol.  xviii.  page 
400.) 

Bitter  Principle.— This  name  was  formerly  applied  to  a  substance 
supposed  to  be  coiumoiv  t.^  bvUec  plants,  and  to  be  the  cause  of  their     ■ 
peculiar  taste.    TYve  xeceivX.  ^\sq.^n^\\^^\w  's^^yi.vjiJcAR;  cKemistry,  how- 
ever, have  sYvowti  VW\.  \V.  e"w\  xvo  \ciw^%x\i^  ^^^g^^-fe^-^v.^  ^  \i!^4^'S^ 
Varying  principle.     TYv©  Vv\.\.wvi^%%  ^l  S^^-avai  xjotcCxjco.^  Sssv  ««as^N 
is  owing  to   8UycY\Ti\«i,  lYv^V.  o^  ovvwwv  V^  xsvox^JcCv*..,  '^^X.  ^\  ^asas^iS!^ 
bark  to  cinchonia  and  qa\u\a,  ^e.    'IVv^fe  t^w&'i  ^\  ^^x^NX&xNas.vt.^s^^ 
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root  of  the  squill  is  different  from  that  of  the  hop  or  of  gentian.  The 
tenn  bitter  principle,  when  applied  to  any  one  principle  common  to 
bitter  plants,  conveys  an  erroneous  idea,  and  should,  therefore,  be 
abandoned. 

JSIxtraeUoe  Matter, — ^This  expression,  if  applied  to  one  determinate 
principle  supposed  to  be  the  same  in  different  plants,  is  not  less  vague 
than  the  foregoing.  It  is  indeed  true  that  most  plants  yield  to  water 
a  substance  which  differs  from  gum,  sugar,  or  any  proximate  prinaiple 
of  vegetables,  which,  therefore,  constitutes  a  part  of  what  is  called  an 
extract  in  pharmacy,  and  which,  for  want  of  a  more  precise  term,  may 
be  ezpresbed  by  the  name  of  extractive.  It  must  be  remembered, 
however,  that  this  matter  is  always  mixed  with  other  proximate  prin- 
ciples, and  that  there  is  no  proof  whatever  of  its  being  identical  in 
different  plants.  The  solution  of  saffron  in  hot  water,  said  to  afford 
pure  extractive  matter  by  evaporation,  contains  the  colouring  matter 
of  the  plant,  together  with  all  the  other  vegetable  principles  of  saffron, 
which  happen  to  be  soluble  in  the  menstruum  employed. 


SECTION  VI. 

OJ\r  THE  SPOMTJlJVEOUS  CHAJSTGES  OF  VEGETA- 

BLE  MATTER. 

Vegetable  substances,  for  reasons  already  explained  in  the  remarks 
fntroductory  to  the  study  of  organic  chemistry,  are  very  liable  to 
•pontaoeous  decomposition.  So  long,  indeed,  as  they  remain  in 
connection  with  the  living  plant  by  .which  they  were  produced,  the 
tendency  of  their  elements  to  form  new  combinations  is  controlled ; 
bat  as  soon  as  the  vital  principle  is  extinct,  of  whose  agency  no  satis- 
factory explanation  can  at  present  be  afforded,  they  become  subject 
to  tibe  unrestrained  influence  of  chemical  affinity.  To  the  spontane- 
oua  changes  which  they  then  experience  from  the  operation  of  this 
power,  the  ieim  fermentation  is  applied. 

Aa  might  be  expected  from  the  difference  in  the  constitution  of 
different  vegetable  compounds,  they  are  not  all  equally  prone  to  fer- 
mentation ;  nor  is  the  nature  of  the  change  the  same  in  all.  Thus 
alcohol,  oxalic,  acetic,  and  benzoic  acids,  probably  the  vegetable 
alkalies,  and  pure  naphtha,  may  be  kept  for  years  without  change,  and 
aome  of  them  appear  unalterable ;  while  others,  such  as  gluten,  sugar, 
atarch,  and  mucUaginous  substances,  are  very  liable  to  decomposition. 
Id  like  manner,  the  spontaneous  change  sometimes  terminates  in  the 
Ibimation  of  sugar,  at  another  time  in  that  of  alcohol,  at  a  third  in  that 
of  acetic  acid,  and  at  a  fourth  in  the  total  dissolution  of  the  substance. 
This  has  led  to  the  division  of  the  fermentative  processes  into  four 
diatinct  kinds,  namely,  the  saccharine,  the  vtnotts,  the  acetous,  and 
the  putrtfaetive  fermentation. 

Saccharine  Fermentation, 

The  only  substaDce  J^nown  to  be  aubjecl  to  1\ie  toX  >i\tA  ^1  \Kt* 
JteDtatJoa  ia  starch.     When  gelatinoua  slaTcYi,  ot  ^ttA^Vci^,  va>ifc\\.>Ki^ 
oitt  state  for  a  considerable  length  of  Ume,  «i  cW\^^<&  ^^^>mNv^  «^ 
9e,  ^d  a  quantity  of  augar,  equal  to  about  Yia\l  \5Mk  Ni^^vS^^- ^"^  "^ 
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gtHch  eiBplojM,  It  generated.  Rxposaro  to  tiM  liweipfceii  h  ■! 
■iteeMiT  to  thif  duttge,  bat  the  qamtiiy  of  eogM  ii  facwini  ty ti 
■eeeMoialr. 

The  gennlnttioii  of  leeds,  ae  exemplified  fai  the  naltiiig  of  M^f^li 
ttewlae  an  iMtance  of  the  saecharlne  fermentatioo ;  but  a§  it  M«h 
aoBM  reepecti  from  the  procoM  abore  mentioiiedv  l>eiiig  pieW%  »• 
dU&ed  l»3P  the  vitality  or  the  germ,  it  may  with  gieater  piapiie^  W 
dlMOiaed  io  the  foHowIng  lection. 

TThe  ripening  of  fhilt  liaa  also  t>een  regarded  at  an  eittpiiif  At 
mcdiarine  fermentation,  eapeeially  dnee  eone  indtM,  math  ai  Ihi  par 
and  apjile,  if  gathered  before  their  matttrity»  become  sweeter  bjrkif* 
ing.  I  cannot,  however,  adopt  this  opinion.  The  procew  ofi^polv 
appears  to  conilst  in  the  conversion,  not  of  starch,  l»at  of  adi  iMk 
tngar.  Such  at  least  Is  the  view  dedueibie  from  the  eipedManif 
Proust,  who  examined  the  unripe  grape  In  Its  diflerent  stageftMfnii 
maturitv.  He  found  that  the  green  fruit  contains  a  largeqoHti^if 
firee  acid,  chiefly  the  citric,  which  gradually  disappean  as  tk  pipt 
ripens,  while  its  place  is  occupied  by  sugar.  It  is  hence  probafale  liit 
the  elements  of  the  acid  itself,  as  the  result  of  a  vital  piooaii^  m 
made  to  enter  into  a  new  arrangement,  by  which  sugar  irgnmaiei 
The  formation  of  an  acid  may  be  regarded  as  one  step  tsenii  Ihi 
production  of  saccharine  matter,  n  view  which  will  accsml  for  te 
strebg  acidity  of  many  fruits,  such  as  the  gooseberry  and  omitiint 
beibre  they  begin  to  iipen. 

FifKms  Fermentation. 

The  conditions  which  are  required  for  establishing  the  vinoos  liBt-  I 
mentalion  arc  lour  in  number;  namely,  the  presence  of  suear, water,  . 
yeast,  or  sonte  ferment,  and  a  certain  temperature.  The  best  mode  \ 
of  studying  this  process,  so  as  to  observe  the  phenomena,  anddeto*  { 
mine  the  nature  of  the  change,  is  to  place  five  parts  of  sugar,  wi& 
about  twenty  of  water,  in  a  glass  flask  furnished  with  a  bent  tabe,tlie 
extremity  of  which  opens  under  an  inverted  jar  full  of  water  or  me^ 
cury ;  and  after  adding  a  little  yeast,  to  expose  the  mixture  to  a  tem- 
perature of  about  60°  or  70''  Fahr.  In  a  short  time  bubbles  ofg8sb^ 
f[\B  to  collect  in  the  vicinity  of  the  yeast,  and  the  liquid  is  soon  pot 
nto  brisk  motion,  in  consequence  of  the  formation  and  disengagenwot 
of  a  large  quantity  of  gaseous  matter;  the  solution  becomes  turbid,  iti 
temperature  rises,  and  froth  collects  upon  its  surface.  After  contiDO- 
iog  for  a  few  days,  the  evolution  of  gas  begins  to  abate,  and  at  leogth 
ceases  altogether;  the  impurities  gradually  subside,  and  leave  the 
liquor  clear  and  transparent. 

The  only  appreciable  changes  which  are  found  to  have  occnmd 
during  the  process,  are  the  disappearance  of  the  sugar,  and  the  fofO' 
ation  of  alcohol,  which  remains  in  the  flask,  and  of  carbonic  add  giii 
which  is  collected  in  the  pneumatic  apparatus.  A  small  portion  of 
yeast  is  indeed  decomposed ;  but  the  quantity  is  so  minute  that  it  oay 
without  inconvenience  be  left  out  of  consideration.  The  yeast  in- 
deed appears  to  operate  only  in  exciting  the  fermentation,  without 
further  contributing  to  the  products.  The  atmospheric  air,  it  Is  oIh 
vious,  has  no  share  in  the  phenomena,  since  it  may  be  altogether  ei- 
**^M  without  affecting  the  result.  The  theory  of  the  process  if 
"^  V]b!e  lacX.  vYvaX  ^«  «(X'^x>^W^^>aw!^<^«m^  Is  alinosf  pie- 
\o  \Yie  ^mWib^  ^^\^\a  o\  ^0b«  >^.^^Oi  «sA  «Mi^M«kife.vyL\ 
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ably  explained  by  Gay-Lossac,  an  explanation  which  will  easily  be  un- 
derstood by  comparing  the  composition  of  sugar  with  that  of  alcohol. 
The  elements  of  sugar,  which  consists  of  carbon,  hydrogen,  and  oxy- 
gen, in  the  ratio  of  one  equivalent  of  each,  (page  467)  are  multiplied 
by  three,  in  order  to  equalize  the  quantity  of  hydrogen  contained  in 
t£e  two  compounds.  (An.  de  Ch.  tome  xcv.  p.  317.) 

By  weight. 
Sugar,  ^Alcohol, 

Carbon,  .     18  or  three  equivalents.      12  or  two  equivalents.    - 

Hydrogen,      .       8  or  three  equivalents.        S  or  three  equivalents. 
Oxygen,         .     24  or  three  equivalents.        8  or  one  equivalent. 

45  23 

By  volume. 

Sugar,  Alcohol, 
Vap.  of  Carbon,     3  2 

Hydrogen,     .       3  3 

Oxygen,         .      IJ  ^ 

Now,  on  inspecting  this  table,  and  remembering  that  carbonic  acid 
consists  of  one  equivalent  of  carbon,  or  one  volume  of  its  vapour,  and 
(wo  equivalents  or  one  volume  of  oxygen,  it  will  be  apparent  that  the 
elements  of  sugar  are  in  such  proportion  as  to  form  one  equivalent  of 
alcohol,  or  one  volume  of  its  vapour,  and  one  equivalent  or  one  volume 
of  carbonic  acid.  Therefore  forty-five  parts  of  sugar  are  capable  of 
furnishing  twenty-three  parts  of  alcohol,  and  twenty-two  parts  of  car- 
bonic acid. 

It  admits  of  doubt  whether  any  substance  besides  sugar  is  capable 
of  undergoing  the  vinous  fermentation.  The  only  other  principle 
which  is  supposed  to  possess  this  property  is  starch,  and  this  opinion 
chiefly  rests  on  the  two  following  facts.  First,  it  is  well  known  that 
potatoes,  which  contain  but  little  sugar,  yield  a  large  quantity  of 
ilcohol  by 'fermentation,  during  which  the  starch  disappears.  And, 
fecondly,  M.  Clement  procured  the  same  quantity  of  alcohol  from 
equal  weights  of  malted  and-unmalted  barley.*  Nothing  conclusive 
can  be  in^rred,  however,  from  these  data;  for,  from  the  facility  with 
which  starch  is  converted  into  sugar,  it  is  probable  that  the  saccharine 
may  precede  the  vinous  fermentation. 

Tbough  a  solution  of  pure  sugar  is  not  susceptible  of  the  vinous 
fermentation  witliout  being  mixed  with  yeast,  or  some  such  ferment, 
yat  the  saccharine  juices  of  plants  do  not  require  the  addition  of  that 
•obsfance,  or,  in  other  words,  they  contain  soi.ie  principle  which,  lil^e 
yeast,  excites  the  fermentative  process.  Thus,  must  or  the  juice  of 
the  grape  ferments  spontaneously ;  but  Gay-Lussac  has  observed  that 
ttiese  juices  cannot  begin  to  ferment  unless  they  are  exposed  to  the 
idr.  By  heating  must  to  212^  F,  and  then  corking  it  carefully,  the 
Juice  may  be  preserved  without  change ;  but  if  it  be  exposed  to  the 
tir  for  a  few  seconds  only,  it  absorbs  oxygen,  and  fermentation  takes 
place.  From  this  it  would  appear  that  the  must  contains  a  principle 
which  Is  convertible  into  yeast,  or  at  least  acquires  the  characteristic 
property  of  that  substance  by  absorbing  oxygen. 

It  appears  from  the  experiments  of  M.  Colin,  that  various  substaneeib 
are  capable  of  acting  as  a  ferment.    This  pvov^xV^  \%  '^^%'«i^««A,^  \s<) 
gluten,  as  well  as  both  its  principles,  gUadvne  ^n^  v^m^^Tn^^  ^ta^^^'^ 


*  Annales  de  Cbimie  et  do  Physique,  toiaft  v.  v  ^'^^ 
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of  ■■nftjInnM  md  otliflr  VBgttaMe  vwtten,  Iht  HMcc<  «C  niM 
MMtat  itlUito  to  nvanl  altmor  ebaofM. 


Bf  tliU  temi  to  tonplled  «  proeew  wfaleh  to  not  mttonded  wUkItt 
flMMWiMia  of  the  Bicchiiiney  Tinoiif »  or  acetous  fecoMiitatiMa  tot 
dvlBg  wliidi  the  Tegatable  matter  to  eompletelj  deeompoMd.  Al 
praitonte  piUid|AM  are  not  equally  ItoUe  to  thto  Idnd  of  dlitolhi 
Thoae  in  initob  cbareoal  and  hydrogen  prevail,  adeh  at  die  oOi^  idtob 
^akohol,  do  not  onderao  the  putre&etfve  femientadcm;aQrii 
adds,  wfatoh  eontain  a  conSderabto  excess  of  oxygen,  maniM  a  tBH* 
deney  to  iofler  thto  change.    Those  sabstancea  ate  alone  diipiMlli 
patieQft  the  osrgan  and  nydrogen  of  which  are  In  proporttoa  to  fm 
water;  andsoch.  In  parttoalar«  as  contain  nltrC%en.    AinoBg4wn» 
however,  a  ilngalar  dUferenee  to  observable.    Caffisin  evfawM  m  ton- 
deney  to  spontaneoos  decomposition ;  while  glaten,  vriUeh  tmMi 
nuist  contain  a  lesi  proportional  quantity  of  nitrogen,  patrefiM  vitt 
meat  ladUty.    It  to  difficult  to  assign  the  precise  cautaoriUidi> 
Hienee ;  but  it  most  probabhr  depends  partly  open  die  oMNtohiiUcb 
<ba  uUhnate  etomento  of  bodies  are  arranged,  and  partly  oa  dnir  fo- 
hoilve  power ;— those  substances,  the  textare  of  which  b  tto  aeit 
loose  and  soft,  being,  emieru  paribys,  tho  most  Itobto  to  fpontuM' 
ous  decomposition. 

The  conditions  which  are  required  for  enabling  the  putrefsctJFe  pro- 
cess to  talce  place,  are  moisture,  air,  and  a  certain  temperature. 

The  presence  of  a  certain  degree  of  moisture  is  absolutely  necessary; 
and  hence  vegetable  substances,  which  are  disposed  to  patrefy  under 
favourable  circumstances,  may  be  preserved  for  an  indefinite  period  if 
carefully  dried,  and  protected  from  humidity.  Water  acts  apparently 
by  softening  the  texture,  and  thus  counteracting  the  agency  of  cohe- 
sion ;  and  a  part  of  the  effect  may  also  be  owing  to  its  affinity  for  some 
of  the  products  of  the  putrefaction.  It  is  not  likely  that  this  Uqaidis 
actually  decomposed,  since  water  appears  to  be  a  uniform  product. 

The  air  cannot  be  regarded  as  absolutely  necessary,  since  putreftc* 
tion  is  found  to  be  produced  by  the  concurrence  of  the  two  other  coa- 
ditions  only  ;  but  the  process  is  without  doubt  materially  promoted  by 
free  exposure  to  the  atmosphere.  Its  operation  is  of  course  attribi^ 
,  table  to  the  oxygen  combining  with  the  carbon  and  bydrogen  of  tto 
decaying  substance. 

The  temperature  most  favourable  to  the  putrefactive  process  ii  b» 
tween  60''  and  100''  Fahr.  A  strong  heat  is  unfavourable,  by  eipeliiBS 
moisture ;  and  a  cold  of  32°  F.  at  which  water  congeals,  arrests  ii 
progress  altogether.  The  mode  in  which  caloric  acts  is  the  same  n 
in  all  similar  cases,  namely,  by  tending  to  separate  elements  froooM 
another  which  are  already  combined. 

The  products  of  the  putrefactive  fermentation  may  be  divided  isiv 
the  solid,  liquid,  and  gaseous.  The  liquid  are  chiefly  water,  togetber 
with  a  little  acetic  acid,  and  probably  oil.  The  gaseous  prodads  m 
light  carburetted  hydrogen,  carbonic  acid,  and,  when  nitrogen  is  p*- 
sent,  ammonia.  Pure  hydrogen,  and  probably  nitrogen,  are  sometiiBti 
disengaged.  TVvws  \\^dTo<g&Q.  and  carbonic  acid,  according  to  PRMSti 
are  evolved  tiom  v\x\'ce.^Yvu<^^vxVj»i\  «xA  %<«»sa»Ka%.  ^'^(ained  the  ■■< 
gases  from  iVie  pu\xfe^«^c.V\OTi  ^  ^s^^^^Vck.  Ota^^^^^vd^^  X^\!j^sx^a^a«^ 
circumstances,  Yio^^vet  >  v\i«>  tXsXsS.  «»5iw»  ^t^^nv^\.^\  ^^u(»!$«^^^ 
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Another  elastic  priaciple,  supposed  to  arise  from  patrefying  vegetable., 
remains,  is  the  noxious  miasm  of  marshes.  The  origin  of  these 
miasms,  however,  is  exceedingly  obscure.  Every  attempt  to  obtain 
them  in  an  insulated  state  has  hitherto  proved  abortive  ;  and,  there- 
fore, if  they  are  really  a  distinct  species  of  matter,  they  must  be  re- 
garded, like  the  effluvia  of  contagious  fevers,  as  of  too  subtile  a  nature 
for  being  subjected  to  chemical  analysis. 

When  the  decay  of  leaves  or  other  parts  of  plants  has  proceeded  so 
far  ttiat  all  trace  of  organization  is  effaced,  a  dark  pulverulent  substance 
remains,  consisting  of  charcoal  combined  with  a  little  oxygen  and  hy- 
drogen. This  compound  is  vegetable  mould,  which,  when  mixed  with 
a  proper  quantity  of  earth,  constitutes  the  soil  necessary  to  the  growth 
of  plants.  Saussure,  in  his  excellent  Eecherches  Chimiques  sur  la 
Vegetation,  has  described  vegetable  mould  as. a  substance  of  uniform 
composition ;  and  on  heating  it  to  redness  in  close  vessels,  he  procured 
carburetted  hydrogen  and  carbonic  acid  gases,  water  holding  the  ace- 
tate or  carbonate  of  ammonia  in  solution,  a  minute  quantity  of  empy- 
leumatic  oil,  and  a  large  residue  of  charcoal  mixed  with  saline  and 
earthy  ingredients.  On  exposing  vegetable  mould  to  the  action  of 
light,  air,  and  moisture,  a  chemical  change  ensues,  the  effect  of  which 
is  to  render  a  portion  of  it  soluble  in  water,  and  thus  applicable  to  the 
nutrition  and  growth  of  plants. 


SECTION  VII. 

ay  THE    CHEMICAL  PHEJyOMEJSTA  OF  GERMUSTA- 

TlOJSr  AJ>rD  VEGETAT10J\r, 

Germination. 

Germination  is  the  process  by  which  a  new  plant  originates  from 
teed.  A  seed  consists  essentially  of  two  parts,  the  ^erm  of  the  future 
plant,  endowed  with  a  principle  of  vitality,  and  the  cotyledons' oi  seed- 
lohes,  both  of  which  are  enveloped  in  a  common  covering  of  cuticle. 
Id  the  germ,  two  parts,  the  radicle  and  plumula,  may  be  distinguish- 
ed, the  former  of  which  is  destined  to  descend  into  the  earth  and  con- 
stitute the  root,  the  latter  to  rise  into  the  air  and  form  the  stem  of  the 
phuat.  The  office  of  the  seed-lobes  is  to  afford  nourishment  to  the 
yoong  plant,  Imtil  its  organization  is  so  far  advanced,  that  it  may  draw 
materials  for  its  growth  from  extraneous  sources.  For  this  reason, 
•eeds  are  composed  of  highly  nutritious  ingredients.  The  chief  con- 
stituent of  most  of  them  is  starch,  in  addition  to  which  they  frequently 
contain  gluten,  gum,  vegetable  albumen  or  curd,  and  sugar. 

The  conditions  necessary  to  germination  are  three-iold ;  namely, 
moisture,  a  certain  temperature,  and  the  presence  of  oxygen  gas.  The 
necessity  of  moisture  to  this  process  has  been  proved  by  extensive  ob- 
fervation.  It  is  well  known  that  the  concurrence  of  other  conditions 
cannot  enable  the  seeds  to  germinate  provided  they  are  kept  quite  dry. 

A  certain  degree  of  warmth  is  not  less  essentvaV  iVvwi  tasjNaV.>».^»  Qi«i:- 

mination  caDDot  take  place  at  32°  F;  and  a  aVtcm^\v^^\>«^\Oei^'a'^s^ 

of  boiling  water,  prevents  it  altogether  by  deipuN\x\%  ^^  ^«^^sv  oS. 'w^^^^ 

rffti/  priaciple.    The  most  favourable  lempetaluie  \mv^^^  \\^ta.  ^^  ^' 

$0",  the  precise  degree  varying  with  the  nalute  ol  V5^^  \\wA.^  "^  w^"^^ 


4fr 
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itguff*  '•^'  a^^^JCtf  for  the  difference  in  the  season  of  the  yetm 
vtiir:  c.5r*r::  fee- is  bepn  to  germinate. 

T\»l:  ::"  ?  "f  M  -ce  of  lir  is  neeessary  to  gerniination  was  desufr 

4rn  'c*:-  ^  ?  *-ift'tJi  philosophers,  such  as  Ray,  Boyle,  Muschenbroeck, 

■ii.  I<>t':  »ivr.  -t'ort  the  chemical  nature  of  the  atmosphere  wm 

r.i^r: « f"-f*:  -  ^'-  >~^«ee)e.  soon  after  the  discovery  of  oxygen,  prored 

•ji.\    >.«~^  ::  --'•  ce^A'Cate  wiihout  exposure  to  that  gas.  Adurdif* 

ic>  ■«-).-:>  .•!-i:ri«'.'-ft:ec  the  same  fjct  with  respect  to  seeds  Id  gesenl, 

«xi:  ii»  f  1  :*t '  r-n*.»  hiTc  been  fully  confirmed  by  subseqaeol  obserf' 

r-t.     1    :a:f  i^iz  :<£a  shown  by  Humboldt,  that  a  dilute eoluitOD of 

rMn'::i(-  .'vi:^  *•'  '^«  !exidency  of  that  gas  to  decompose  water ud 

«••   :  -!£::  1-    :'-"T*  t'^i^oies  the  germination  of  seeds.    These  dr* 

r;:nr>::..i>:-f^  ir :-:-.::  i:-:  the  fact  that  seeds,  when  buried  deep ia  tiv 

'.:  cfti.inate. 

£  *.ii:  !b«  induence  of  light,  which  is  so  faroonble 

;:.:  i'.tzt*  of  vesretation,  is  injurious  to  the  procen 

I  ciry .^ufz  and  Sennebier  have  proved  thit i seed 

'I : .:  y  :s  ihe  shade  than  in  light,  and  ia  diffused 

: ; :  "hea  exposed  to  the  direct  solar  nys. 

fre«   •£  '{aiTk*  i!  is  apparent  that  when  a  seed  if  ph^ 

-.:  :<*  :he  surface  of  (he  ground  In  spring;,  aodis 

....-*!  *!    -.-i  t-:  •  .'.  ii-.h.  ::  is  in  a  state  every  way  condudTeto 

i-.  ::.:..  T:-.  £:  .1  i  »  wirmed  by  absorbing  the  solar  nys,  ud 

.  :      -:.:.:.  :':;i.*  ::.i   showers;  the  earth  at  the  same  time  pro* 

I-. .-    :■:   -. . .  i*  *.  :-:  ^y  lis  porosity  gives  free  access  to  the 

"  ■  ~:  "■  -Z  >i-'ey.  in  which  the  fijrain  is  made  to g€:- 

:      .  '     :    ■:  w.. •-.••-.  iir,   an  1  humidity,  alTor-.l5  the besi 

■"-■    '-"i  of  i:orrninaiion.     In  thi- pr:;ej?; 

-  .      ■  ■    ■  .:.-.:  ..n  «»-ol!<  and  rupture^  its  cuticle, icJ 

-  ■       ■  ■        .    •.■' :'i  are  protruJeil.     On  vx.iii.inir.i' ;-: 

•--:.*-■'  hfivo  undorjione  an  es-enti.-.l  cbntJ 

•    rii-i  lii^t*.    as  appears    troin   there;:":- 
.    •    ■   .  :.■.*.?   c:'  ::.i'.icJ  and  unmakeJ  barlev.  ..^^ 
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...      ■■■:■.::   •:.  ^trr.-.r.n'.i.^n,  tho  hordein  is  converte: 

'  -V  ;  s;  ::-..■:  :::r.i  .i:^  insoluMe  material, which 

*      .        ■■.■;■■■:•-  '->■'  t ■■•■:'  u-.^?  ci  the  younjr  plant,  iw: 

•     .     .  .  ..:•:•■.:■..•./. t-*  :es v.! r.  which  by  being  dissolv- 

j.-i  w:  jh  '.jke  pl.ice  in  srcrmination  hare  been 
■  ■   •  •    -  ;>*-:■■:.  w::??o  ox:^vi!:;on[s  are  detailed  in  the 

7     N       ■         .\  -■..;>•  :c:e::iJ.     Tiic  leailinp  facts  which  he 

-■-'•-"  "■  :  :.  ..  A  :  j:  : — ::.a:  :-\yj:cn  i:a«  is  consumed,  that  car* 

tcxi-.c  i:.  1  .>  v  ■      .  .  ■■ .  -iT.'  V  v.  -Jcv*:  \  ..'.v.'A  :A  Uw  latter  is  precisely  equal 

rec-.  .  ;*.  •" ."  dws  vV\^V  >\vv^  -uTv^  \c.n«>vViiNtv\s\\V"t^«£vsk<kvcs^- 
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after  fhan  before  germination,  provided  it  is  brought  to  the  fame  state 
of  di3rness  in  both  instances.  Saussure  indeed  lound  diat  the  loss  is 
greater  than  can  be  accounted  for  by  the  carbon  of  the  carbonic  acid 
which  is  evolved,  and  hence  he  concluded  that  a  portion  of  water, 
mnerated  at  the  expense  of  the  grain  itself,  is  dissipated  in  drying. 
According  to  Proust,  the  diminHtion  in  weight  is  about  a  third ;  but 
JDr  Thomson  affirms  that  in  50  processes,  conducted  on  a  large  scale 
under  his  inspection,  the  average  loss  did  not  exceed  one-fifth. 

On  the  Growth  of  Plants. 

While  a  plant  differs  from  an  animal  in  exhibiting  no  signs  of  per- 
ception or  voluntary  motion,  and  in  possessing  no  stomach  to  serve  as 
a  receptacle  for  its  food,  there  exists  between  Ihem  a  close  analogy 
both  of  parts  and  functions,  which,  though  not  discerned  at  first,  be- 
comes striking  on  a  near  examination.  The  stem  and  branches  act  as 
a  frame-work  or  skeleton  for  the  support  and  protection  of  the  parts 
necessary  to  the  life  of  the  individual.  The  root  serves  the  purpose  of 
a  stomach  by  imbibing  nutritious  juices  from  the  soil,  and  thus  sup- 
plying the  plant  with  materials  for  its  growth.  The  sap  or  circulating 
fluid,  composed  of  water  holding  in  solution,  saline,  extractive,  muci- 
laginous, saccharine,  and  other  soluble   substances,  rises  upwards 

'  through  the  wood  in  a  distinct  system  of  tubes  called  the  comtnon 
vessels,  which  correspond  in  their  office  to  the  lacteals  and  pulmonary 
arteries  of  animals,  and  are  distributed  in  minute  ramifications  over 
the  surface  of  the  leaves.     In  its  passage  throuofh  this  organ,  which 

'may  be  termed  the  lungs  of  a  plant,  the  sap  is  fully  exposed  to  the 
agency  of  light  and  air,  experiences  a  change  by  which  it  is  more  com- 
pletely adapted  to  the  wants  of  the  vegetable  economy,  and  then  de- 
scends through  the  inner  layer  of  the  bark  in  another  system  of  tubes 
called  the  proper  vessels,  yielding  in  its  course  all  the  juices  and  prin- 
ciples peculiar  to  the  plant. 

The  chemical  changes  which  take  place  during  the  circulation  of 
the  sap  are  in  general  of  such  a  complicated  nature,  and  so  much  un- 
der the  control  of  the  vital  principle,  as  to  elude  the  sagacity  of  the 
chemist.  One  part  of  the  subject,  however,  namely,  the  reciprocal 
agency  of  the  atmosphere  and  growing  vegetables  on  each  other,  falls 
within  the  reach  of  chemical  inquiry,  and  has  accordingly  been  inves- 
tigated by  several  philosophers. 

For  the  leading  facts  relative  to  what  is  called  the  respiration  of 
plants,  or  the  chemical  changes  which  the  leaves  of  growing  vegeta- 
bles produce  on  the  atmosphere,  we  are  indebted  to  Priestley  and  In- 
genhousz,  the  former  of  whom  discovered  that  plants  absorb  carbonic 
acid  from  the  air,  under  certain  circumstances,  and  emit  oxygen  in  re- 
turn ;  and  the  latter  ascertained  that  this  change  occurs  only  during 
exposure  to  the  direct  rays  of  the  sun.  When  a  healthy  plant,  the 
roots  of  which  are  supplied  with  proper  nourishment,  is  exposed  to  the 
direct  solar  beams  in  a  given  quantity  of  atmospheric  air,  the  carbonic 
acid  after  a  certain  interval  is  removed,  and  an  equal  volume  of  oxygen 
is  substituted  for  it.  If  a  fresh  portion  of  carbonic  acid  is  supplied,  the 
same  result  will  ensue.  In  like  manner,  Sennebier  and  Woodhouse 
observed,  that  when  the  leaves  of  a  plant  are  immersed  in  water,  and 
exposed  to  the  rays  of  the  sun,  oxygen  gas  is  disengaged.  That  the 
evolution  of  oxygen  in  this  experiment  is  accompanied  with  a  propor- 
tional absorption  of  carbonic  acid,  is  proved  b^  ^m.^Xo^Vo,^'^^^*^  ^•^ 

prived  of  csabonic  acid  by  boiliQg,  ia  w\uc\i  c^^  itf^  ^x^^ 

cured. 
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eh  SIC  tbe  cbinges  Induced  by  pltals  wbea  ezpowd  to  ai 
n  ibe  ilaik  *D  oppoiile  eflecl  ciiauea.  Carbonic  acid  gtsisMtlb-      I 
duudei  these  ciicunHWneea,  not  is  oiygen  pa  evolved;  bul,  on     * 
canttacy.  oiygen  dlnppMis.  and  caibonic  «cnl  g»»  »  disengagtd, 
In  the  dull.  ihcreTore,  vegeWbles  deleriorale  tathet  ihaa  purify  lb*  aii, 
ptodutiog  tbe  game  offiict  aa  ibe  reepiratiou  of  animals.  | 

Fiooi  aeveral  oi  tlie  preceding  facli,  it  i«  eupposeil  (lul  the  alyfn      , 
emilted  by  plan  la  whue  undei  the  iuBuence  of  light  ia  derirei  tram 
the  ciibonic  »cij  whieli  they  abiofb,  and  Ibal  the  carbon  of  Ihil  ^ 
\i  applied  (0  Ibe  puipoaes  of  nulrilioii.     CoDiislenlly  wlih  ihia  vieii  il 
ha>  been  obecrted  that  plants  Jo  ool  Ihrire  when  kept  in  id  aunos- 
phere  of  puio  oxygen  ;  anil  ll  wsa  found  by  Dc  Percival  and  Mt  Utn-     '< 
ly,  that  the  picience  of  a  llille  utbanic  acid  U  eveu  faiaunbleU      | 
tlieii  gfowtb.    Sausniie,  who  examineJ  till)  subject  minuteJy,  new- 
Wined  that  plinl*  pow  b-"*r  in  •"  •'"■■uphere  wWch  conlainl  iltiul 
ooe-tHvlflh  of  carbonic  a..».  Iha  minon  air,  proiideJ  Ihej  an 

expoiedlo  lUQ^Iiinc;  butiflhali.  retenlinagieater  ptoponiea. 

Ill  influeitce  ii  prejudicial.    In  iphere  cotuisliug  of  aoe-bai! 

of  ib  valunje  of  carbonic  acid,  I  periaheU  in  icreiidafit;  aod 

they  did  not  vegelalB  al  all  whei  was  in  (he  proponieii  of  iwo- 

tWrds.    In  the  shade,  the  pres.^.  caibonic  acid  i»  aJ«y"  delii- 

menlal.  HeliSewise observed  !»eiiceoro»j'^<nifD«*»wy, 

la  Oflet  that  a  (I'anl  abouU  i  -M  from  adniiiluie  wiih  at- 

bonk  ulil. 

Sauaaure  ii  of  opinion  Ihsl  pi  ve  a  large  qiunli'y  af  Imu 

carbon  fiom  (he  cubaaic  acid  i  imoapbere,  an  opinion  illufh 

tecelvea  great  netglii  from  the  two  folluning  camparative  expeTiinMlli' 
Od  causing  a  plant  la  vegetale  in  pure  water,  supplied  nith  comiDoa 
sir  and  eipoiied  ID  llglil,  iha  i:arboD  of  the  plant  Increased  in  quinlily; 
but  whet)  flupplicd  nitb  common  air,  In  a  daik  situation,  it  eveotoitt 
poillon  of  tbe  carbon  which  il  had  previouily  po;6Ca»ed. 

Ltglit  i>  ncce-^iry  to  tlie  colour  of  plaula.  The  espeilraenia  of  Sea- 
nebier  and  Mr  Gough  have  shown  that  the  green  colour  of  the  lelTct 
I*  not  developed,  except  whea  they  are  inaeiluation  lo  abioib  oifgeo 
and  give  out  carbonic  acid. 

Though  the  eaperinieols  of  different  philoaophera  a^ee  as  to  tbe 
InSuence  of  vegetation  on  (he  air  in  sunshine  and  during  (ho  aigH 
eoneirlerable  unceilainty  pievalls  both  as  to  the  phenomena  occaiicned 
by  dilTosed  daylight,  and  concerning  Ihc  total  effect  produced  by  pliati 
onlheconslilution  of  the  atmosphere.  Fiieslley  found  that  air,  viliittd 
by  combustion  or  the  respiration  of  animals,  and  Ief(  in  coolicltoi 
■evetal  days  and  nights  with  a  sprig  of  mint,  was  gradually  realoied  ti 
its  original  purity ;  and  hence  he  infetted  that  (he  oxygen  gis  can. 
aumed  during  these  and  various  other  processes,  is  restored  to  (he  mw 
of  the  atmosphere  by  the  agency  of  growing  vegetabtea. 

This  doctrine  lecetvea  con6rmalion  from  the  leBearchei  of  Ii^- 
housz  and  Saussure,  nbo  were  led  lo  adapt  the  opinion  that  theqiui' 
tity  of  oxygen  gas  evolved  from  plants  by  day,  exceeds  that  of  carbooic 
acid  emitted  during  the  night.  The  conciuaiona  of  Mr  EUit,  onlb 
contr.iry,  are  precisely  the  reverse.  From  an  eilensivo  tcntn  of  eipei- 
iineiiii.  coniiived  with  much  sagacity,  Mr  Ellis  inferred  that  giowinj 
pliiTit.'  una  out  o\yt;en  only  indirect  sunshine,  while  at  all  olhcrtimci 
thry  alrsmb  it',  that  H'hcn  ciposed  to  (he  ordinary  viciiaitudoa  of  inn- 
shine  and  s\kade,\\^iV  ani  A'utotM,  <^e-j  <a\ta  more  carbonic  add  it 
the  peiiod  oi  a  iii'  atiA  m%\iV,*«»'Jnfi  i«*'«i1\'»^i,«M»ii^»!m!i(< 
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on  vegetillon,  jtc.) 

Thit  miesUoD  has  been  ably  diseaased  by  Sir  H.  DaTy,  In  Ua  Ele- 
menta  of  Agriealtvral  Cbemistiy .  Sir  H.  Davy  Is  of  option  Aat  tho 
«ip«iinent8  of  Ifr  EHis  cannot  be  regarded  as  ded8!ve»  having  hoeii 
condjicted  under  circumttances  on&Yonrable  to  accuracy  of  lesidt. 
He  conddera  the  oii|^nal  experiments  of  Priestley  as  unezceptionaUo» 
and  adduces  others  made  by  liimself  in^  support  of  the  same  doctrine. 

On  the  Food  (^  Plants. 

The  ciiief  source  from  which  plants  derive  the  materials  for  tibeir 
growth  is  the  soil.  However  various  the  composition  of  the  soil,  it 
constats  essentiallv  of  two  parts,  so  far  as  its  solid  constituents  are 
concerned.  One  is  a  certain  quantity  of  earthy  matters,  such  as  sili- 
ceous earth,  chty,  lime,  and  sometimes  magnesia ;  and  the  other  la 
formed  from  the  remains  of  animal  and  vegetable  substances,  whidiy 
when  mixed  with  the  former,  constitute  common  mould.  A  mixture 
of  this  kind,  moistened  by  rain,  affords  the  proper  nourishment  of 
plants.  The  water,  percolating  through  the  mould,  dissolves  the  solu- 
ble salts  with  which  it  comes  m  contact,  together  witib  the  gaseous, 
extractive,  and  other  matters,  which  are  formed  during  the  decompo- 
sition of  the  animal  and  vegetable  remains.  In  this  state  it  is  readflv 
mbsorbed  by  the  roots,  and  conveyed  as  sap  to  the  leaves,  where  ft 
undergoes  a  process  of  assimilation. 

^  But  though  this  is  the  natural  process  by  which  plants  obtain  the 
greater  part  of  their  nourishment,  and  without  which  they  do  not  ar- 
rive at  perfect  maturity,  they  may  live,  grow,  and  even  increase  in 
weight,  when  wholly  deprived  of  nutrition  from  Uiis  source.  Thus  In- 
tbe  experiment  of  Saussure,  already  described,  sprigs  of  peppermint 
were  found  to  vegetate  in  distilled  water;  and  it  is  well  inown  that 
many  plants  grow  when  merely  suspended  in  the  air.  In  the  hot-housea 
of  the  botanical  garden  of  Edmburgb,  for  example,  there  are  two 
plants,  species  of  the  fig-tree,  the  FuMS  australia  and  ^'ctis  eUuHeOt 
the  latter  of  which,  as  Dr  Graham  informs  me,  has  been  suspended 
for  four,  and  the  former  for  nearly  ten  years,  during  which  time  they 
have  continued  to  send  out  shoots  and  leaves. 

Before  scientific  men  had  learned  to  appreciate  the  influence  of 
atmospheric  air  on  vegetation,  the  increase  of  carbonaceous  matter, 
which  occurs  in  some  of  these  instances,  was  supposed  to  be  derived 
from  water,  an  opinion  naturally  suggested  by  the  important  officea 
performed  by  this  fluid  in  the  vegetable  economy.  Without  water, 
plants  speedily  wither  and  'die.  It  gives  the  soft  parts  that  degree  of 
succulence  necessary  for  the  performance  of  their  functions ; — it  af- 
fords two  elements,  oxygen  and  hydrogen,  which  either  as  water,  or 
under  some  other  form,  are  contained  in  all  vegetable  products ; — and, 
lastly,  the  roots  absorb  from  the  soil  those  substances  only,  which 
are  dissolved  or  suspended  in  water.  So  carefully,  indeed,  has  nature 
provided  against  the  chance  of  deficient  moisture,  that  the  leaves  are 
endowed  with  a  property  both  of  absorbing  aqueous  vapour  directly 
from  the  atmosphere,  and  of  lowering  their  temperature  during  the 
night  by  radiation,  so  as  to  cause  a  deposition  of  dew  upon  their  sur- 
face, in  consequence  of  which,  during  the  dryest  seasons  and  in  the 
warmest  climates,  they  frequently  continue  to  convey  iVu^  ^>\\^V;^^<^ 
plant,  when  it  can  no  longer  be  obtained  Vn  a\ii&c\e;iv\  ^vgiMxN:^  SR.^\sk 
ibe  soil.  But  necessary  as  is  this  firnd  to  vcfi^^v^XA^  \\^^*\V  c^^vxw^iN. 
yield  to  phots  a  principle  which  it  does  not  poaataa.  '^\ife  tvt\ia«w:»- 
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:ef  wnirb  sceumulales  In  plan ir,  under  the  cIiCDiDBt>DFe>  itwie 

ed,  may,  with  tvety  nppeorance  of  juslice,  be  referred  to  (at 

■uueie  ;  unce  we  know  ihal  caibonic  octd  exiali  there,  lad  llil 

„  e  vegetables  bore  the  property  af  lakiDg  carboa  rrom  ihil  gu. 

a  pilots  are  JDcineraled,  their  ashes  are  found  lo  cddIiId  nline 

and  t:artby  matters,  the  eleiDenta  of  which,  if  cot   the  Fompaundi 

themselves,  are  supposed  lo  be  derived  Ttom  the  soil.    Such  at  knl 

ig  the  view  deiliiribie  from  the  researches  of  Saussure,  and  whirb 

itj<g;ht  have  been  onticipated  by  leasoning  an  chemical  prinriplea,  Ths 

eiperiiDPntB  of  M.  Schtailer,  however,  lead    lo  a  different  concln- 

alon.     He  «owed  several  kinds  of  grain,  such   as  barley,  wbeat,  lyc, 

and  osis.  In  pure  flowers  of  lulphur,  and  supplied  the  shopls  is  lliij 

!;re«,  ifllh  nothing  but  air,  l>Kht,  and  distilled  water.  On  iDdnent- 
ng  the  plants,  IhUi  irealed,  they  yielded  a  greater  qoanlily  o(  siIjde 
and  eirthy  matters  than  were  or'  ' ,  ""     ircient  in  the  seeds. 

These  tesulls,  supposing  th        i  ite,    may  be  accounted  for  b 

(wo  way*.    II  may  be  mippoi  am  place,  that  the  foreip 

malleiB  weiB  Introduced  accltl  m  exlraneoui  sources,  u  In 

Sne  piiticles  of  dust  floatinn;  in  sphere ;  or,  secondly ,  ij  mif 

bo  con  reived,  that  they  weie  deri.,  m  the  aulphur.air,  undiMler, 

with  which  the  plants  were  suppliei  Ihe  latter  opinion  beidopled, 

we  must  infer  eilher  that  the  vitui  i...^.  pie,  nhicb  certainly  wntioli 
chemical  affinily  in  a  surprising  manner,  and  directs  this  power  intln 
production  of  new  compounds  (roin  elemeoiary  bodies,  miv  likeniM 
convert  one  element  Into  another;  or  thai  boidb  of  the  subaluicei. 
d  by  cbemista  lo  be  simple,  such  u  oiygeo  and  hydrogen,  IB 
nds,  not  of  two,  but  of  a  variety  of  difTcrent  principles.  Ai 
these  conjectures  are  without  foundnlioD,  and  are  utterly  at  vaijuce 
with  the  facts  and  pripciplea  of  the  science,  1  do  not  hesitate  inidopt- 
ing  the  more  probable  opiuion,  that  the  experiments  of  M.  Sduido 
were  fnlluenced  by  some  source  of  error  which  escaped  deleclion. 
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ANIMAL  CHEMISTRY. 


ALI4  distinct  compoandfl,  which  are  derived  from  the  bodies  of  aal- 
mals,  are  called  proximate  animal  principles .   They  are  distinguished 
from  inorganic  matter  by  the  characters  stated  in  the  introduction  to 
organic  chemistry.    The  circumstances  which  serve  to  distinguish 
them  from  vegetable  matter  are,  the  presence  of  nitrogen,  their  stronc 
tendency  to  putrefy,  and  the  highly  offensive  products  to  which  their 
spontaneous  decomposition  gives  rise.    It  should  be  remembered* 
however,  that  nitrogen  is  lilcewise  a  constituent  of  many  veeetabio 
substances ;   though  few  of  these,  the  vegeto- animal  princip&s  ex- 
cepted, (page  477),  are  prone  to  suffer  the  putrefactive  fermentatioD. 
It  IS  likewise  remarkable  that  some  compounds  of  animal  origin,  such 
as  cholesterine  and  the  oils,  do  not  contain  nitrogen  as  one  of  their 
elements,  and  are  not  disposed  to  putrefy. 

The  essential  constituents  of  animal  compounds  are  carbon,  hydro- 
gen, oxygen,  and  nitrogen,  besides  which  some  of  them  contain  phos- 
phorus, sulphur,  iron,  and  earthy  and  saline  matters  in  small  quantity. 
Owing  to  the  presence  of  sulphur  and  phosphorus,  the  process  of  pu- 
trefaction, which  will  be  particularly  described  hereafter,  is  frequently 
attended  with  the  disengagement  of  sulphuretted  and  phosphuretted 
hydrogen  gases.  When  heated  in  close  vessels,  they  yield  water* 
carbonic  oxide,  carburetted  hydrogen,  probably  free  nitrogen  and  hy- 
drogen, the  carbonate  and  hydrocyanate  of  ammonia,  and  a  peculiarly 
fetid  thick  oil.  The  carbonaceous  matter  left  in  the  retort  is  less  easUy 
burned,  and  is  more  effectual  as  a  decolorizing  agent  than  charcoal 
derived  from  vegetable  matter. 

The  principle  of  the  method  of  analyzing  animal  substances  has 
already  been  mentioned.  (Page  425.) 

In  describing  the  proximate  animal  principles,  the  number  of  which 
is  far  less  considerable  than  the  vegetable  compounds,  I  shall  adopt 
the  arrangement  suggested  by  Gay-Lussac  and  Thenar.d  in  their  J2e- 
eherches  Physico-ChimiqueBy  and  followed  by  Thenard  in  his  System 
of  Chemistry.  The  animal  compounds  are  accordingly  arranged  in 
three  sections.  The  first  contains  substances  which  are  neither  acid 
nor  oleaginous ;  the  second  comprehends  the  animal  acids ;  and  the 
third  includes  the  animal  fats.  Several  of  the  principles  belonging  to 
the  first  division,  such  as  fibrin,  albumen,  gelatin,  caseous  matter,  and 
urea,  were  shown  by  Gay-Lussac  and  Thenard  to  have  several  points 
of  similarity  in  their  composition.  They  all  contain,  for  example,  a 
large  quantity  of  carbon,  and  their  hydrogen  is  in  such  proportion  as 
to  convert  all  their  oxygen  into  water,  and  their  nitrogen  into  ammo- 
nia. No  general  laws  have  been  established  relative  to  the  co\\&VkV>\\\^^ 
of  the  compouDda  comprised  in  the  othei  aecWoiia. 
R  r 


SECTION  I. 


Fibrin. 

Fibrin  enleri  largtely  into  Ihe  compnsilion  or  the  btooil,  inil  i>  thi 
bull  of  Ihe  niii»clM;  il  msy  be  regariled,  Ihererore,  a»  one  of  ()i«  nuH 
■bundanl  of  Ihe  anirnit  principtei).  Il  1>  mast  conveniently  pncaiid 
by  «limn<  reeeolly  drawn  blood  with  i  slick  during  iu  coigulKloB, 
and  then  wishing  Ihe  idherinc  lib  i(h  water  unlil  they  ure  pu- 

feclly  while.     Il  may  alio  be  obn  ly  removing  Ihe  lolublepi* 

Train  lein  beef,  cut  into  iiiibII  ilice  llgeslioa  Id  aeveni  succenive 

porlloni  of  water. 

Fibdn  la  (Olid,  while,  intipM,  Bnit  • — >'iroaa.  When  moist  itusiDie- 
whtl  eliallc,  but  on  Jiylne,  ii  hecon  ard,  brittle,  and  «em(-WD!pi- 
tenl.    In  a  nioln.  wirm  aliimlon,  il        illy  putrefies.    Ii  f*  tnioliible 

In  wHer  it  common  leinperaliires, Is  dlBsolveil   in  reiy  nimO 

qa*mlly  by  the  roniinued  aeiion  of  >>^inn(i;  water.  Alcohol,  ol  jjbqEc 
cnvliy  0,81 ,  conveils  It  Into  i  fulty  aciroua  lualter,  which  ii  tulo- 
ble  in  alcohol  and  elher,  biil  it  prec         ted  by  water. 

The  BCIion  of  Hcidt  on  6brin  ha>  h™.  parlieitlarly  doRcrfbed  byBa- 
leliuo.*  Di^e'lect  in  roncentroled  acellc  acirl,  fibrin  swells  and  bc- 
toBifi!  a  biilliy  lieriiUloUB  jelly,  which  dissolrefl  completely,  wiih  ili«a- 
gaKement  of  a  little  nilroKen,  In  n  eoiHideiaUle  (jiiamily  ofholmHr. 

By  the  action  oI  nitric  acid,  ofspecilic  ftcavity  1.29,  aided  bybnl 
on  fibrin,  a  yellow  solution  is  formed,  with  diseneagemeni  of  ■  !i^ 
quantily  of  nei^rly  pure  nitrogen,  in  which  Berzeltus  could  nol  detect 
theleaallra*       ''       '     "      "       -    -  "'        " 


e  of  llie  deuloiide  of  ni(io|;en,  Afli 
I,  a  pale  yellow  piilvertilei  ' 
I  Vauqiielin  dearrtbed  as 

^ Accordine  lo  BerzeMu! 

roodilied  fibrin  and  nitric  acid,  Io|;etli 


K-four  hours,  a  pale  yellow  pulverulent  substance  is  deposited,  wlMi 
>urcroy  and  Vauqiielin  deacribed  as  a  new  acid  under  the  name  of 
yellow  acid.     Accordine  lo  Berzelius,  however,  it  is  a  compound  of 


.  which  may  be  reRMRJ    , 

by  alcohol.  The  origin  of  Ihe  nitrogen  wliich  is  disentcaged  in  the  be- 
ginning of  the  process,  is  Bomewhal  obscure.  From  Ihe  total  ibsenca 
of  Ihe  deulosije  of  ntlroKen,  it  is  probable  that,  in  Ihe  early  alagei, 
Tery  iillle,  if  any,  of  ihe  nitric  acid  is  decomposed,  and  that  the  nitro- 
gen ESS  Is  eotely  or  chiefly  derived  from  the  Gbrin. 

Dilute  muriaiicactd  hardens  without  dissolving  fibrin,  and  IheitioM 
KCid  decomposes  it,  Tlie  aclion  of  sulphuric  acid,  accorilinp  to  S, 
Brgconnol,  is  very  pecnllar.  When  librtn  is  mixed  with  its  own  weigbl 
of  concentrated  siilpliiiric  acid,  a  perfect  solution  enanes  wilhool  . 
change  of  cobnr,  or  cfisennaiiement  of  sulphurous  acid.  On  diluling 
with  water,  bailing  for  nine  hours,  and  separating  Ihe  acid  by  meiu 
of  chalk,  the  ftllrifd  solution  was  found  lo  conlain  a  peculiar  wMH 
•natter,  lo  which  M.  Braconnol  has  applied  the  name  of  leurine.  (to 

Ch.  etde  Ph.  vol.  liii,)     Digested  in  alrong  sulphuric  acid,* d«Hl 
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reddieh-brown,  nearly  black  soluUoo  is  formed,  and  the  fibrin  ia  car* 
bonized  and  decomposed. 

Fibrin  is  dissolved  by  pure  potassa,  and  is  thrown  down  when  the 
solution  is  neutralized.  The  fibrin  thus  precipitated,  howe?er,  is  par« 
tially  changed,  since  it  is  no  longer  soluble  in  acetic  acid.  It  is  solu- 
ble likewise  in  ammonia. 

According  to  the  analysis  of  Gay^Lussac  and  Thenard,  100  parts  of 
fibrin  are  composed  ofcarbon,  53.36,  hydrogen  7.021,  oxygen  19.^6, 
and  nitrogen  19.934.  From  these  numbers,  fibrin  may  be  regarded  $8 
an  atomic  compound  of  eighteen  equivalents  of  carbon,  fourteen  of 
hydrogen,  five  of  oxygen,  and  three  of  nitrogen. 

Albumen. 

Albumen  enters  largely  into  the  composition  bofh  of  animal  fluids 
and  solids.  Dissolved  in  water,  it  forms  an  essential  constituent  of  the 
serum  of  the  blood,  the  hquor  of  the  serous  cavities,  and  the  fluid  of 
dropsy ;  and  in  a  solid  state,  it  is  contained  in  several  of  the  textures 
ot  the  body,  such  as  the  cellular  membrane,  the  skin,  glands,  and 
vessels.  From  this  it  appears  that  albumen  exists  under  two  forms, 
liquid  and  solid. 

Liquid  albumen  is  best  procured  from  the  white  of  eggs,  which 
consists  almost  solely  of  this  principle,  united  with  water  and  free 
soda,  and  mixed  with  a  small  quantity  of  saline  matter.  In  this  state, 
it  is  a  thick  glairy  fluid,  iqsipid,  inodorous,  and  easily  miscible  with 
cold  water,  in  a  suflicient  quantity  of  which  it  is  completely  dissolved. 
When  exposed  in  thin  layers  to  a  current  of  air  it  dries,  and  becomes 
a  solid  and  transparent  substance,  which  retains  its  solubility  in  water, 
and  may  be  preserved  for  any  length  of  time  without  change.  Kept 
in  its  fluid  condition,  it  readily  putrefies.  From  the  free  soda  which 
they  contain,  albuminous  liquids  have  always  an  alkaline  reaction. 

Liquid  albumen  is  coagulated  by  heat,  alcohol,  and  the  stronger 
acids.  Undiluted  albumen  is  coagulated  by  a  temperature  of  160% 
and  when  diluted  with  water,  at  212°  F.  Water  which  contains  only 
1-lOOOth  of  its  weight  of  albumen  is  rendered  opake  by  boiling. 
(Bostock)  On  this  property  is  founded  the  method  of  clarifying  by 
means  of  albuminous  solutions  ;  for  the  albumen  being  coagulated  by 
beat,  entangles  in  its  substance  all  the  foreign  particles  which  are  not 
actually  dissolved,  and  carries  them  with  it  to  the  surface  of  the  liquid. 
The  character  of  being  coagulated  by  hot  water  distinguishes  albumen 
from  all  other  animal  fluids. 

The  acids  differ  in  their  action  on  albumen.  The  sulphuric,  muri- 
atic, and  nitric  acids  coagulate  it;  and  in  each  case,  according  to  The* 
nard,  some  of  the  acid  is  retained  by  the  albumen.  Phosphoric  acid, 
recently  ignited,  likewise  coagulaies  albumen ;  but  on  keeping  the 
acid  dissolved  in  water,  its  power  of  producing  coai^ulation  gradually 
declines,  and  after  a  few  days  ceases  altogether.  The  solution  of  al- 
bumen is  not  precipitated  at  all  by  acetic  acid.  By  maceration  in  di- 
lute nitric  acid  for  a  month,  it  is  converted,  according  to  Mr  Hatchett, 
into  9  substance  soluble  in  hot  water,  and  possessed  of  the  leading 
properties  of  gelatin.  Digested  in  strong  sul|)huric  acid,  the  coagu- 
ium  is  dissolved,  and  a  dark  solution  is  formed  similar  to  that  produced 
by  the  same  acid  on  fibrin ;  but  if  the  heat  be  applied  very  cautiously, 
the  liquid  assumes  a  beautiful  red  colour.  This  pto^exV^  vj^%  ^v^^'iN^x- 
ed  some  years  ago  by  Dr  Hope,  who  informa  me  VW\  \\ve  e^^^xvovw^. 
does  not  always  succeed,  the  result  be'iug  iufLueixte^  \i^  n^x'^  ^> 
causes. 


4M  ,  Albumen. 

ABwrnenlipree'ipiUled  by  «Bers]  leagenU,  espesially  hy  melilh 
ulla.  Till*  rRect  ii  produced  by  miiridle  of  tin,  Bubireiiie  oi  Itid, 
unitiM  of  f,M,  *ni  noluiioD  of  tannin.  Corroaive  tubrimitt  ii  i  nil 
4t&c(te  tiwt  or  (Kb  pre«eace  ol  albumen,  caDiiog  a  milklDMa  kIin 
tlw  alhuiDdn  b  diluted  with  2000  p&rls  of  naler.  The  nituc«  if  Ai 
|iTecl|>llHle  hM  (lieaily  be«n  explained.  (Ptge  339.)  The  fenwji- 
MM  of  poUiw  U  equnlly  H  not  still  more  deliote,  provided  j  MUi 
■eetlc  Kid  I*  preilautiy  (ddcU  In  oeulrallee  Ihe  fiee  aoda. 

When  an  ilbuinitioii*  liquid  it  exposed  lo  ihe  agency  of  eil'inifBi 
pure  Mdi  mikM  IK  ippnarincc)  nl  the  negBlive  wiie.  and  the  jlbouBi 
ca*|!uUl<w  (lound  tint  wlilcli  ii  iti  coimecliou  with  Ihe  pofilivf  pili 
of  ihii  ballviji.  Ml  But'ile*.  nho  Ti rat  observed  lliii  plienomfiiM, 
ucilbc*  U  to  ill*  Mlmnitlaii  of  fie«  soda,  upori  which  he  (uppo^j  llir 
voliiblllif  of  ■Ibiiinnii  in  w«rer  lo  depend  ;  but  M.  Lifiiijnel  Jirri. 
buica  II  lo  ih*  dvCDiiiiiaaUlaii  nf  muriate  of  soda,  the  acid  o[  nliicb 
eoaguUlta  the  ■Ibunicn.  Ma 
Iha  moil  clorant  and  dcllcaic 
Htal  0i)lr)i  which  we  poiipis. 

CliaiRlala  aia  not  »BtMrl  a*  lo  the  cause  of  ihe  coagoli 
DMn.  WhBB  it  ia  em(ii1iitnd  by  iliffetent  chemical  an 
Uaaln  nnil  melillle  aalLB,  Ihe  albumen  Is  Ihrown  down  in  i 
of  JannLni  an  laioluble  compotind  with  the  subslaneeeRipiojid.inil 
peitiapa  Ihli  !•  alao  Iha  moda  by  which  arids  coagulale  il.  «ill!«- 
*peet  to  Ihe  •gency  of  heal,  alcohol,  and  probably  of  acids,  i  diSdttl 
»lew  mud  tw  adopted.  The  Explanation  usually  Ei»en  li  Ihil  piopoiti 
IwUrllioRKoa.wfaaaMribBa  Ihe  tolubilily  of  albumen  to  Ihe  preKWi 
of  fre*  iod*.  u(,d  Jta  coapilalfoD  lo  Ihe  removal  of  the  alkili.  Tu  6m 
hypolhe.!-.  Dr  Bo.lock  objecla.  and  with  every  appeatmce  of  jii.lict. 
I^t  albuuiinous  liquid,  do  not  contain  a  sufficieni  quaoiily  A<:<:  .I- 
kali  (or  the  piirpoie.  (Medico-Chir.  Trans,  vol  ii  j.  175)WeiellD 
hazard  »n  opinion  oo  thli  .ubject,  it  would  be  l'beVol'lo«inE:-lh>l  il- 
bucDCn  combines  diiaclly  with  water  al  Ihe  niomeolof  bcins!M™IB'. 
at  •lime  when  119  panicle*  aro  in  a  alale  of  minute  diiision;  bum 
lU  iffiiiLly  for  that  liquid  is  very  feeble,  Ihe  compound  is  deeofflwwl 
by  allRhl  causes,  and  for  ihe  a^me  reasoo  the  albumen  becomej  quile 
intoluble,  ai  «oon  as  11  Is  rendered  aolid  by  coaKulalion.  Silica  alfiir* 
■n  Instance  of  a  aimllHrphenomeoDD.   (Pago  308.) 

Albumen  coBRUlales  wilhout  appearing  lo    undergo  any  cbmosf  I 
eomposilion,  lul  11  is  quite  ioaoluble  In  water,  end  la  less  liable  lo  po-    I 
Irefy  Ihio  in  Its  liquid  sUla.  It  is  dissolved  by  alkalies  with  diMOpn- 
inenl  or  ammonia,  and  is  precipiluled  from  its  aolulion  by  add).    In    [ 
Iha  cosgul.ied  stale,  it  bears  a  very  close  resemblance  lo  fibrin,  iml    I 
is  with  difficulty  distinguished  fiom  il.     Alcohol,  ether,  acids,  ladii-    , 
kalies,  according  to  Berielius,  acl  upoo  each  In  the  same  manner.  Ht 
observes,  however,  that  acetic  acln  and  ammonia  dissolve  fibrin  dim 
easily  than  coagulaled  albumen.  According  la  Thenard,  iliey  arerwdi- 
Ij  distlnjtuished  by  means  of  the  deuloiide  of  bydiogeo,  liaia  fflwi 
fibrin  causes  evolution  ofosygen,  while  albumen  has  DO  Bclion  upon  il 


Albi 


nalyiad  by  Gay-Liusac  and  Thenard,  aikd  ft    I 
h  the  fallowing  results : — 
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Gay-Lussae  and  Thenard. 

Carbon,  52  S83  seventeen  equiv. 

Hydrogen,  7.540  thirteen  equiv. 

Oxygen,  23.872  six  equiv. 

Nitrogen,  15.705  two  equiv. 

100.000 


Dr  Prout. 

50.  fifteen  tqoir. 

7.78  fourteen  equiv. 

26.67  six  equiv. 

15.56  two  equiv. 


100.00 


Gelatin. 

Gelatin  exists  abundantly  in  many  of  the  solid  parts  of  the  body, 
especially  in  the  skin,  cartilages,  tendons,  membranes,  and  bones. 
According  to  Berzelius,  it  is  not  contained  inany  of  the  healthy  animal 
fluids ;  and  Dr  B9stock,  with  respect  to  the  blood,  has  demonstrated 
the  accuracy  of  this  statement.  (Medico-Chir.  Trans,  vol.  i.  and  ii.) 

Gelatin  is  distinguished  from  all  animal  principles  by  its  ready  solu* 
bility  in  boiling  \mter,  and  by  the  solution  forming  a  bulky,  semi- 
transparent,  tremulous  jelly  as  it  cools.  Its  tendency  to  gelatinize  is 
such,  that  one  part  of  gelatin,  dissolved  in  100  parts  of  water,  becomes 
.  solid  in  cooling.  This  jelly  is  a  hydrate  of  gelatin,  and  contains  so 
much  water,  that  it  readily  liquefies  when  warmed.  On  expelling  the 
water  by  a  gentle  heat,  a  brittle  mass  is  left,  which  retains  its  solubility 
in  hot  water,  and  may  be  preserved,  for  any  length  of  time  without 
change.  Jelly,  on  the  contrary,  soon  becomes  acid  by  keeping,  and 
then  putrefies. 

The  common  gelatin  of  commerce  is  the  well-known  cement  called 
glue,  which  is  prepared  by  boiling  in  water  the  cuttings  of  parchment, 
or  the  skins,  ears,  and  hoofs  of  animals,,  and  evaporating  the  solution. 
Isinglass,*which  is  the  purest  variety  of  gelatin,  is  prepared  from  t|||B 
sounds  of  fish  of  the  genus  acipemer,  especially  from  the  sturgeon. 
The  animal  jelly  of  the  confectioners  Is  made  from  the  feet  of  calves, 
-  the  tendinous  and  ligamentous  parts  of  which  yield  a  large  quantity  of 
gelatin. 

Gelatin  is  insoluble  in  alcohol,  but  is  dissolved  readily  by  most  of 
the  diluted  acids,  which  form  an  excellent  solvent  for  it.  Mixed  with 
twice  its  weight  of  concentrated  sulphuric  acid,  it  dissolves  without 
being  charred ;  and  on  diluting  (he  solution  with  water,  boiling  for  sev- 
eral hours,  separating  the  acid  by  means  of  chalk,  and  evaporating  the 
filtered  liquid,  a  peculiar  sacchaiine  principle  is  deposited  in  crystals. 
This  substance  has  a  sweet  taste,  somewhat  like  that  of  the  sugar  of 
grapes,  is  soluble  in  water,  though  less  so  than  common  sugar,  and  is 
insoluble  in  alcohol.  When  heated  to  redness,  it  yields  ammonia  as 
one  of  the  products,  a  circumstance  which  shows  that  it  contains  ni- 
trogen. Mixed  with  yeast,  its  solution  does  not  undergo  the  vinous 
fermentation;  and  it  combines  directly  with  the  nitric  acid.  It  is  hence 
apparent  that,  though  possessed  of  a  sweet  taste,  it  differs  entirely 
firom  sugar.  This  substance  was  discovered  by  M.  Braconnot.  (An. 
de  Ch.  et  de  Ph.  vol.  xiii.) 

Gelatin  is  dissolved  by  the  liquid  alkalies,  and  the  solution  is  not 
precipitated  by  acids. 

Gelatin  manifests  little  tendency  to  unite  with  i(vet^Vlv<:.  ^^'si^*^'^ 
Corrosive  sublimate  and  subacetale  of  \e?id  Ao  ivoV  otc."aa\^xv  ^wj  \.xa- 
cipitate  in  a  solution  of  gelatin,  and  ibe  sa\l8  o^  Wxi  «ckv^  «^n«^  -siSfc^N.'^^ 
very  slightly.    The  best  precipitant  for  *\l  Va  Utiiim.    "fe^   yw|^w^ 
w  infusion  of  gail-nuls,  Dr  Bostock  deUcled  l\i^  ^\ft^t\i^«i  ^^^^ 
R  r  2 
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mlxrd  with  6000  limes  iM  weight  of 
T*cn  be  eeliinaled  approximalely  by  (hia  reigeul.  (Pa^ 
mcB  otliar  ■nima]  ■ulMtiocea,  »»  roc  eiample  albuiaeii.  aicpn- 
„-.^le4  Ijy  iMiui  1,  II  cBiinol  be  teliec!  on  ai  a  le*t  of  gelalin.    Tie 
beil  chioclei  fo(  ilili  lubm.oce  is  (hat  of  solubility  io  hot  wMei,  m 
of  fotminei  jelly  Mil  rooli. 

According  10  tbo  sntlysii  of  gelnlin  by  Cay-Lu»s»c  and  Thfrurd, 
100  p»tH  ollhli  aubWwce  consist  of  caibon  47.881.  hydiogeo  7JI4, 
oiyien  27.207,  and  ailiORea  ie.B98  Ftotn  these  numbera  il  tppein 
thai  IM  composition,  u  lo  the  relilive  quantity  of  ill  elemcBU,  ii 
iJeolicBl  tvitU  tljat  of  albumen  as  delermiiied  by  Dt  Pioul. 


talluo 


ililch  l> 


D  biM«- 


1,  wben  quite  cold,  pine  cm- 
'come*  a  (laik*colDui«l  eiti- 
/afhed  tvilh  cold  iralcr,  >nd 
of  bibulous  piper.  Tg  Ihe 
rang  boIuIIoil  ofmbDnilt  of 
is  neutralized  i  aad  Ilia  uln- 
talion,  and  eel  uidt,  Ittwln 
The  residual  liquid,  nliicilt> 
nio  ■  ihin  pasia  wllh  """"' 


■  iew  baun.   TIk 


.1  by    pici 

uilrale  ol  urea,  thai  proeuicd 

pOtMBi  or  loda  la  addad,  ur' 

lion  la  ilterwaid!  conctnlial 

thai  ihe  nitre  may  aepAralo  I 

in  impure  w>lii(ian  of  urea, 

charcoal,  and  Is  allowed  lo  r 

paste  i>  llii^n  mlied  wilh  eoia  WHter,   „iHeTi  lakes  up  Ihe  urei,  adik 

the  coloufing  mailer  Is  rElainod  by  the  charcoal ;   and  the  culsurlm 

aolultDn  is  evaporaled  lo  drynem  at  a  low  temperatuie.    The  residM 

is  then  boiled  in  pure  alcohol,  by  which  Ihe  urea  U  dissolved, end  i"^     I 

which  II  U  dcpoeiled  in  cijilala  on  cooling. 

*Dr  Ptoul,  10  whom  we  are  indebled  lor  Ihe  foregoing  ptocai  I" 
preparing  puie  urea,  ho*  iciveD  Ihe  follawing  sceounl  of  lis  pioperliri-      I 
(Medico- Ciiir.  Trans,  vol.  viii.  p.  629.)     (la  crystals  are  tisQipiieDI     1 
•Dd  colourU'ss,  ofa  alighl  peaily  iuslre,anil  have  commonly  (he  formo! 
■  four-sided  prism,     it  leaves  a  sensollDn  of  coldness  on  Ihe  lou^t 
like  dIIib.    lis  smell   is  fuint  and  peculiar,    but  not  uiinou^   la 
fpedfic  praTJty  is  about  I.3i.    Il  does  not  affect  Ihe  colour  oniwiiu    > 
or  turmeric  paper.    In  a  moist  atmosphere,  it  deliquesces  sllghll;; 
but  olhernrise  undergoes  no  change  on  exposure  lo  the  air.    Eipoftd 

10  a  strong  heat,  it  melts,  and  Is  partly  decomposed,  nnd  pailiy  «il>- 
limes,  apparently  wilhoul  change.  The  chief  product  of  Ihe  decooi- 
posilion,  besides  inflammable  gas  of  a  very  fetid  odour,  benzoic  acid> 
and  charcoal,  is  cirbonale  of  onimonia. 

Water  at  60'  dissolves  more  than  its  ovm  weight  of  urea,  and  bDii- 
ing  water  lakes  up  an  unlimiled  quanlily.  It  requites  for  saiulioi 
about  five  times  ils  weiebt  of  alcohol  of  specific  gravily  0.816  at  60' 
F.  and  rallier  less  ihan  its  own  vieipht  at  a  boiling  temperature.  The 
aqueous  Eoltilion  of  pure  urea  may  be  exposed  to  the  almospheie  for 
several  months,  or  be  healed  to  the  boiling  point,  without  change; 
but,  on  the  contrary,  if  the  other  conflituents  of  the  urine  are  present. 

11  pulrefico  wilh  rapidity,  and  is  decompo.ied  by  a  temperature  of  212' 
F.  bGlns  a\inQ«\  ea<Jiie\^  iefQVi>!.&  ^wia  ciihonaie  of  ammoaia  by  coa- 
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the  nitric  and  oxalic  acids,  formloe  sparingly  soluble  eompoonds,  which 
crystallise  in  scales  of  a  pearly  lustre.  This  .property  dfords  ao  ex- 
cellent test  of  the  presence  of  urea.  Both  compounds  ha?e  an  acid 
reaetion,-and  the  nitrate  consists  of  64  parts  or  one  equivaloiit  of  nitiie 
acid,  and  60  parts  or  two  equivalents  of  urea. 

lie  constituents  of  urea,  according  to  the  analysis  of  Dr  Phiot*  ne 
in  the  proportion  of  one  equivalent  of  carbon,  two  of  hydrogen,  one  of 
oxygen,  and  one  of  nitrogen.    Its  atomic  weight,  therefore,  is  80. 

A  singular  instance  of  the  artificial  production  of  urea  has  been 
lately  noticed  by  Wohler.  It  is  formed  by  the  action  of  ammonia  on 
cyanogen ;  but  the  best  mode  of  preparing  it  is  by  decomposing  cyan* 
ate  of  silver  with  muriate  of  ammonia,  or  acting  on  cyanate  of  lead 
with  ammonia.  In  the  last  case,  oxide  of  lead  is  set  free,  and  the  only 
other  product  appears  in  colouriess,  transparent,  four  sided,  rectan* 
-gular  crystals.  These  crystals,  judging, by  the  mode  of  preparation* 
must  be  cyanate  of  ammonia.  But  yet  no  ammonia  is  evolved  from 
them  by  the  action  of  potassa ;  the  stronger  acids  do  not,  as  with  other 
cyanates,  cause  an  evolution  of  carbonic  and  cyanic  acids ;  nor  do  they 
yield  precipitates  with  salts  of  lead  and  silver.  In  fact,  though  pro- 
cured by  the  mutual  action  of  cyanic  acid  and  ammonia,  the  characters 
above  mentioned  do  not  indicate  the  presence  of  either ;  but  on  the 
contrary  the  crystals  agree  with  urea  obtained  from  urine  in  composi- 
tion and  all  their  chemical  properties.  (Journal  of  Science,  N.  S.  iU. 
491.)*  The  cyanic  acid  above  referred  to  is  that  discovered  by  Woh- 
ler. (Page  254.) 


*  This  identity  of  composition  between  the  cyanate  of  ammonia  and 
urea  does  not  obtain,  unless  it  is  assumed  that  the  cyanate  contains 
one  equivalent  of  water.  Thus  the  protohydrated  cyanate  of  ammonia 
would  consist  of 


C  Carbon, 

« 

12 

or  two  equivalents. 

Cyanic  acid,  <  Nitrogen, 

14 

or  one  equivalent. 

(  Oxygen, 

8 

or  one  equivalent. 

Ammonia,     l^llfJ^L 
\  rlydiogen. 

14 

or  one  equivalent. 

3 

or  three  equivalents. 

Water             \  Oxygen, 
water,          ^  Hydrogen, 

8 

or  one  equivalent. 

1 

or  one  equivalent. 

These  proportions  are  equivalent  to 

60 

Carbon, 

. 

12 

or  two  equivalents. 

Nitrogen, 

. 

23 

or  two  equivalents. 

Oxygen, 

. 

16 

or  two  equivalents. 

Hydrogen, 

. 

4 

or  four  equivalents. 

Now  the  composition  of  urea  is. 

60 

Carbon, 

• 

6 

or  one  equivalent. 

Nitrogen, 

. 

14 

or  one  equivalent. 

Oxygen, 

« 

8 

or  one  equivalent. 

Hydrogen, 

• 

2 

or  two  equivalents. 

^0 

Here  it  is  apparent  that  the  propotliona  \Ti^\A^' 
united  in  the  two  eubstancea  ate  prec\ae\^  \yi<&  a%n. 
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Sugar  of  Milk,  and  Sugar  of  XHahetea. 

Sugar  nf  ,t/iljc.— TliD  McclinrlDe  piincijile  of  milk  is  obtained  I'm 
whey  by  evsiimiriiin  ll.ii(  liquid  to  tlie  couslilence  of  eyiup,  in<l  il' 
lug  It  lo  cool.     Il  i>  ifleiwirdi  purilieil  by  means  ot  albuiaeii  > 

The  sugii  or  uillk  b»a  ■  (irect  tasle,  though  less  so  thsu  tlie  lufv 
of  the  one,  rcom  which  It  dlflcrs  Bssenlidlly  in  seveial  olliei  lespecu, 
Thuiit  [cqiilrei  >flvtn  part*  oFcolJ  ■■>>]  Tout  qT  hoilin|>  naler  [ni  idIv- 
tion,  knd  il  iiisoluUe  In  alcohol.  It  is  cot  eusceptllile  of  uodergoiii 
the  vinout  rermeutHllon i  mid  when  digeslBd  with  nitric  acid,  It  jiehU 
ihr  huccIi'iIacIIc  acid,  a  property  tint  noticed  by  Scheele,  aad  «\utk 
[lli>lii>f>'ii>ht-9  the  sncehirine  principle  of  milk  from  every  otheiipeciet 
ofi.ii[»r.  l.lkeitiich.KiicQnveitible  into  re nl  augai  by  bein| l»iled 
In  nitcf  ecidulilfd  vilh  BUlphuric  adii. 

Tho  min  ol  tnilk  contnln.  no  uiliO(;en.  and,  BccordiDg  to  llie  IB- 
(lyilsof  Gay-Lu»ac  and  Thrnaid,  is  wry  analogous  (a  commsDMgu 
lu  th»  prupotlion  of  lis  elemenli. 

Aa^or  nf  Diabetes— \a  the  dliegse  ealleil  diabetes,  (be  mine  con- 
Ultu  »  peculini  •aeehaiine  matler,  which,  when  propedy  puiifitd,  ip. 
pears  identic >1  both  in  propeilieB  and  con) poai lion  «iih  Veg«Ubleiu)>u, 
■pproachlr>tc  nearer  to  Ihc  BU«nr  of  grapes  thin  that  from  the  iu^icidb. 

TbiB  hind  of  iiiKar  i>  obtained  in  an  irregularly  crystalline  mm  bi 
BTaporalingdlabilic  urine  In  the  conBiateiice  of  gyrup,  ind  keeping  it 
in  a  warn,  place  for  aeveral  Jays.  Il  in  purified  by  wathinff  Ihe  min 
wOh  alcohol  either  cold  oral  most  Eenlly  healed,  ij||  ihal  liqiiid  comn 
ofTcolourleBB.  and  then  diBsoWinR  it  In  hot  alcohol.  By  repeiwd  115* 
Ullitation,  It  Is  thus  rendered  quite  pure.  (Proul.) 

o  be  ron.iidered,  namelv,  the  t^ 


SECTION  II. 

AJVJMAL  ACIDS. 
In  animal  bodies  several  acids  are  found,  such  «s  the  aulpbuik,  m- 
nalic,  phosphoric,  acetic,  gtc,  ivhich  belong  equally  to  Ibe  mineral  M 
Tegetable  kina<lom,  and  which  have  consequenlTy  been  described  la 
other  parts  of  (he  worh.  In  this  aection  are  included  those  adds  onlj 
which  are  believed  to  be  peculiar  lo  animal  bodies. 

equivalents  of  urea  are  exaclly  equal  lo  one  equivalent  of  the  hydnted 
cyanale  ol  ammoma,  J^orlh  jltnerican  Med.  and  Sure.  JotmA 
for  Jan.  1829,  /rem  the  Journ.  dt  Ckimit  Med.  B. 


I-  1 
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Uric,  Purpuric^  Rosadc,  Formic,  and  Lactic  Acids, 

^c. 

Urie  or  lAihie  Acid. — This  acid  is  a  common  constituent  of  urinary 
mod  gouty  concretions,  and  is  always  present  in  hcaltliy  urine,  com- 
bined with  ammonia  or  some  other  allcali.  The  urine  of  birds  of  prey, 
mich  as  the  eagle,  and  of  the  hoa  constrictor  and  other  serpents,  con- 
sisto  almost  solely  of  urate  of  ammonia,  from  which  pure  uric  acid  may 
be  procured  by  a  very  simple  process.  For  this  purpose  the  solid 
uriDe  of  the  hoa  constrictor  is  reduced  to  a  fine  powder,  and  digested 
in  a  solution  of  pure  potassa,  in  which  it  is  readily  dissolved  with  dis- 
engagement of  ammonia.  The  urate  of  potassa  is  then  decomposed 
by  adding  the  acetic,  muriatic,  or  sulphuric  acid  in  slight  excess,  when 
the  uric  acid  is  thrown  down,  and,  after  being  washed,  is  collected  on 
a  filter.  On  its  first  separation  from  the  alkali,  it  is  in  the  form  of  a 
gelatinous  hydrate,  but  in  a  short  time  this  compound  is  decomposed 
•pontaneously,  and  the  uric  acid  subsides  in  small  crystals. 

Pure  uric  acid  is  white,  tasteless,  and  inodorous.  It  is  insoluble  in 
alcohol,  and  is  dissolved  very  sparingly  by  cold  or  hot  water,  requiring 
about  10,000  times  its  weight  of  that  fluid  at  60"*  F.  for  solution. 
(Prout.)  It  reddens  litmus  paper,  and  unites  with  alkalies,  formine 
salts  which  are  called  urates  or  lithates.  The  uric  acid  does  not  eN 
fervesce  with  alkaline  carbonates  ;  but  Dr  Thomson  affirms  that  when 
boiled  for  some  time  with  carbonate  of  soda,  the  whole  of  the  carbonic 
acid^s  expelled.  A  current  of  carbonic  acid,  on  the  contrary,  throws 
down  the  uric  acid  when  dissolved  by  potassa.  This  acid  undergoes 
no  change  by  exposure  to  the  air. 

Of  the  acids  none  exert  any  peculiar  action  on  the  uric  excepting 
the  nitric  acid.  When  a  few  drops  of  nitric  acid,  slightly  diluted,  are 
mixed  on  a  watch  glass  with  uric  acid,  and  the  liquid  is  evaporated  to 
dryness,  a  beautiful  purple  colour  comes  into  view,  the  tint  of  which 
is  improved  by  the  addition  of  water.  This  character  affords  an  une- 
quivocal test  of  the  presence  of  uric  acid.  The  nature  of  the  change 
will  be  considered  immediately. 

Uric  acid  is  decomposed  by  chlorine.  On  transmitting  that  gas 
through  water  in  which  uric  acid  is  suspended,  the  latter  disappears, 
and  the  liquid  is  found  to  contain  the  oxalic  and  malic  acids,  and  mu- 
riate of  ammonia. 

Uric  acid  has  been  repeatedly  analyzed  by  Dr  Prout,  and  its  con- 
stituents, according  to  his  latest  analysis,  (Medico-Chir.  Trans,  vol. 
is.)  are  in  the  following  proportions : — 

Carbon,  .  36     or  six  equivalents. 

Hydrogen,       .  2     or  two  equivalents. 

Oxygen,  .  24    or  three  equivalents. 

I^itrogen,         .  28    or  two  equivalents. 

90 
TThe  crystallized  acid,  as  analyzed  by  Prout,  is  supposed  by  most 
chemists  to  be  anhydrous ;  but  Dr  Thomson  maintains  that  on  ex- 
posing 90  parts  of  it  to  a  temperature  of  400''  F.  it  loses  \ft  ^^\\.%^  w. 
two  eguiva/enf5  of  water,  and  that  the  lesXAue  \s  ^fc  \t^ 'w^vj^^^'^^ 
uric  acid,  composed  of  six  equivalents  o?  caixXjon,  owfe  ^^  ^'^^J^fe.^'^'i^^ 
two  of  nitrogen.     On  (his  view,  the  alom\c  \ve\^\.  olvwXt  -wix^^Y^, 
B  number  which  Dr  Thomson  has  deduced  ixom\\\^^w\^«^a^^ 
urate  ofBoda* 
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TbeulUofoHc  »*iA  Uvo  been  deirribed  by  Dt  HeDrf.  (Mi»- 
cUMuMomwc*.  vol.  ii.  N  S.)  The  only  ones  o I  impo.unce  ue  lit 
U(UM  •(  •miiioni*,  pol*»i.  »('■!  Mwla-  The  urate  ol  immDnii  u  solo. 
bl«  to  ■  coiwltjenbia  Mlcnl  la  bailJDK,  but  more  tpaiiOKly  in  coll 
mOr-  Tb«  ur>1»  ol'odiantl  poUHs.  ifneudal,  are  ot  veiy  >pira« 
Mlubllliy  :  hul  an  itcsii  of  eilhet  alkali  lakes  up  >  Ut^«  qumlil;  tf 
tbcadd.  Th*  loruiei  vraa  lound  bj  Di  Wollulon  10  be  (be  ctiiei  on- 
•llluenl  o(  eouly  coDCielldn*. 

P^ra-wic  Actd — Wtieu  uiie  acid  ii  cxpoBed  lo  heat  iDaretot, 
11m  carburiale  aiiJ  bjKliieyaiule  of  aminoiiii  ate  formed,  lngelbn 
wKtt  a  ptculiar  *Dlalile>ciil,Ciilleilpyro-urie  acid,  wliicb  wu  htimdl; 
dewillMi)  by  Dr  H«i>'>,  *(<d  has  recenlly  been  parliculiilj  ilmUed  I7 
UU.  CbcMlluw  Mxl  i-mtilgcie.  ( Arm.  of  Pti.l.  vol.  »»l.) 

Tbiiaciij  lublliiHt  wtlhoul  change,  and  coiidenaeii  on  coolraibce) 
In  the  (uim  of  ithlie  adcular  (ry«Ula.  It  is  soluble  ia  Doilineil- 
csbal,  aiid  r«quli»  lony  tliuva  lu  w«ighl  ol'  Wdler  roc  «alulm.  It  if 
not  deeoaipotvd  by  digeslloii  in  nllric  acid,  a  characlet  by  wbidi  II  ti 
lililKiguifheil  fruni  uric  icid. 

Purpuiie  Jlc\d. — Till*  tonipouad  wm  lirsl  recofinised  u  ■  disita 
•dd  by  D>  Prurjl,  anil  mm  deaciibed  by  hini  in  Ihe  Philnioptkil 
Tntliurltuna  loi  ISIS.  Thouch  coluurles*  imelf,  K  Ir^i  ■  rnBvlJtile 
Iriiilciicy  Id  Itiiiii  leil  at  uui]iia  colouieil  talta  wilh  alkallBt  buM.  ■ 
chiruclci  tiy  which  ll  li  d»li»);ulabed  from  all  olher  aubiTaDcn,  ud 
lo  wlili'h  II  aim  Ihe  nama  ol  jiur;ituie  acid,  Hug)i;e>ieij  byDrWoUa- 
top.  Thua  ihe  purpio  raiWug  above  niuniiiined,  u  indiiilireafiba 
prcaoiice  o[  uric  acid,  la  iha  puipuiale  of  auinjODJa,  whlcb  ii  *Jinn 
geoariled  wlien  the  uric  1)  dccompoied  fay  nitric  arid. 

Ilila  eoiiipound  la  prejiared  by  diKealluK  pure  uric  acid,  uUifbd 
Horn  Ihe  mine  of  ihe  boa  cenftiictor ,  hi  ililule  nilric  acid,  whcii  Ihi 
lormer  W  <ll>ael>ed  with  eflerteacence.  The  aotuiian  i>  then  DeulrtPi- 
cd  by  BiniriDidii,  and  conceiiltBted  by  evaporation,  during  ihacorirw 
of  which  purple  Co  loured  crytials  of  Ihe  puipurale  o(  aminoaia  ittde- 
pOfllsd.  The  putpunle  ol  aiiiuionU  19  iheri  deconipoied  by  dIgiiliM 
will)  pure  potana,  and  Iha  lii|i>'d  li  gradually  poured  ioto  dilul«  nil- 
phurlc  acid.  Tbc  purpuric  acid  ig  thus  rtiaengHged,  and  being  Issoli- 
ble  In  ivalir,  Eubtiilea  lo  (be  bolloni  in  the  loriii  of  a  while  ot  yellDP 
lib-nhiie  powder,  accordinii;  lo  iia  degree  or  |>utiiy.  This  piocait,  1 
Diliy  reniaik,  la  one  oraoruo  dellracy ; — I  have  repeatedly  rollawed  Ibi 
atepa  leconinir^nded  by  Dr  Proul,  but  have  been  aa  rtequcittly  dls^ 
poitited  in  ihe  allempl  to  procrrre  the  acid  In  an  inaulated  ■late. 

Coosiderable  uncertaimy  prcvaria  a*  to  the  nature  of  purpuric  icii 
VauquellD,  for  etample,  dcnie)  that  ill  aalts  have  a  purple  colour,  '-' 


19  liheH'j;e  inclitred  li 


e  presence  of  <oine  impurity.     M.  Laasiigoa 
--'---     'An.  de  Ch.  el  de  Ph.  toI. 


(led  J  forDrPioi 

which  he  (ormerly  published. 

Tiienamcofcri/fhM'cnciif  (rrom  i;uS;i/rm,  to  redden)  nasapplled 
by  Ijrugoalelll  to  a  substance  nhicb  he  piocured  by   Ihe  action  ollbt 
nitric  on  uric  acid.     It  obvioualy  conlalus  purpuric  acid,  and  Dr  Pnxlt 
jrobable  that  ii  is  a  »up«[-Mll,  confUling  or  puipuric  tai 
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tbe  presence  of  animal  matter.  Dr  Prout  is  of  opinion  tbat  it  con- 
tains some  purpurate  of  ammonia  ;,and,  as  he  has  detected  the  pre- 
sence of  nitric  acid  in  the  urine  from  which  such  sediments  were  depo- 
sited, he  thinlcs  it  probable  that  the  purpurate  may  be  generated  bj 
tbe  reaction  of  the  uric  and  nitric  acids  on  each  other  m  the  urioaiy 
passages. 

JFormie  Add. — The  acid  extracted  from  ants  was  for  some  time 
suspected,  chiefly  on  the  authority  of  Fourcroy  and  Vauquelin,  to  be 
a  mixture  of  the  acetic  and  malic  acids ;  but  the  experiments  of  Suer* 
sen,  Gehlen,  Berzelius,  and  Dobereiner  appear  to  leave  no  doubt  of 
its  l>eing  a  distinct  compound.  In  volatility  and  odour,  it  does,  indeed, 
resemble  the  acetic  acid;  but  in  composition  it  is  entirely  different. 
According  to  the  analysis  of  the  formate  of  lead  by  Berzelius,  the 
atomic  weight  of  formic  acid  is  inferied  to  be  37;  and  it  is  composed 
of  carbon  12  parts  or  two  equivalents,  hydrogen  1  or  one  equivalent, 
and  24  parts  or  three  equivalents  of  oxygen.  It  hence  differs  from 
oxalic  acid,  only  in  containing  one  equivalent  of  hydrogen.  Accord- 
ing to  Dobereiner,  it  is  resolved  into  carbonic  oxide  and  water  by  the 
action  of  strong  sulphuric  acid.  The  same  ingenious  chemist  has 
succeeded  in  preparing  formic  acid  artificially,  by  applying  a  gentle 
heat  to  a  mixture  of  tartaric  acid,  water,  and  peroxide  of  manganese. 
The  tartaric  acid  is  converted  into  water,  carbonic  acid,  and  formic 
acid.  (An.  of  Phil.  vol.  iv.  N.  S.  311.) 

haetie  Acid. — The  existence  of  this  acid,  though  described  by  Ber- 
zelius, and  found  by  him  in  sour  milk  and  in  many  animal  fluids,  was 
never  demonstrated  in  a  satisfactory  manner.  Berzelius  himself  now 
admits  it  to  be  acetic  acid  disguised  by  animal  matter,  an  opinion  which 
is  confirmed  by  Tiedemann  and  Gmelin  in  their  experimental  Essay  on 
Digestion.  (Die  Verdauung  nach  Versuche.    Heidelberg,  1826.) 

The  amniotic  is  a  weak  acid  which  was  discovered  by  Bnniva  and 
Vauquelin  in  the  liquor  of  the  amnios  of  the  cow,  from  which  it  is 
deposited  by  gentle  evaporation  in  the  form  of  white  aciculac  crystals. 
It  is  very  sparingly  soluble  in  water,  but  yields  with  the  alkalies  solu- 
ble compounds  which  are  decomposed  by  most  of  the  acids. 

Several  other  animal  acids,  such  as  the  stearic,  oleic,  margaric,  and 
others,  should  also  be  mentioned  here ;  but  as  they  are  closely  allied 
to  the  fatty  principles  from  which  they  are  derived,  they  will  be  more 
conveniently  described  in  the  following  section. 


SECTION  III. 

OLEAGIJSrOUS  SUBSTAJSrCES. 

Animal  Oils  and  Fats. 

The  fatty  principles  derived  from  the  bodies  of  animals  are  very 
analogous  in  composition  and  properties  to  the  vegetable  fixed  oils  ; 
and  in  Britain,  where  the  latter  are  comparatively  expensive,  the  for- 
mer are  employed,  both  for  the  purposes  of  giving  1  '^r  the 
manufacture  of  soap.    Their  ultimate  elemcivls  w%^ 
and  oxygeD;  and  most  of  them,  like  iVie  &xed  oi\A« 
and  elaine. 
From  a  eudoua  experiment  of  B^r^rd,  Vl  v^v^u* 
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ad  tweoty  of  hydiogM.  and  tiaaamittkig  Um  nlBton  UbnoA  a  nfc 
hot  tobe,  aeveraf  white  emrtali  were  obtaiDed»  m^kh  weie  fanoMii 
tai  water,  soluble  In  aleohol,  and  ftuiUe  by  heat  into  an  oOy  flold.  (Ae 
of  Ph.  vol.  zU.  p.  41.)  Doberehier  proofed  an  analogous  nteWei 
from  a  miatore  of  eoal  cai  and  aqueooe  vapour. 

Train  OU,^-Tn\n  oil  it  obuined  by  OMane  of  heat  firomtiia  W* 
ber  of  the  whale,  and  ia  employed  eztenaiTely  In  makisc  oU  pi,  ai 
for  burning  In  eommon  lamps.  It  Is  genemllv  of  a  redduh  or  viBMr 
eolour,  emits  a  strong  unpleasant  odour,  and  bae  a  coosidenUe  «fM 
of  viscidity,  properties  which  render  It  unfit  for  being  bumed  la  ii^ 
gand  lamps,  and  which  are  owing  partlj  to  the  beat  employed  io  ib 
extraction,  and  partly  to  the  presence  of  imparities.  By  piiri6e^iB, 
indeed,  it  may  be  rendered  more  limpid,  and  its  odour  ms  oiwiia; 
but  it  is  always  Inferior  to  spermaceti  oil.  • 

Stoermaeeti  oU  is  obtained  from  an  dly  matter  lodged  hi  t  bMf 
cavity  in  the  head  of  the  phyaeUr  maeroeephaiu$t  or  ipciiaMflfl 
whale.  On  subjecting  this  substance  to  pi«aaare  In  bags,  a  qomMf 
of  pure  limpid  oil  is  expressed;  and  the  reeldue,  afterbsi^aisftsd, 
strained,  and  washed  with  a  weak  solution  of  potaaaa,  ia  ssU  aader  the 
name  of  apermaeeH, 

Ammal  OU  of  JHppel^-This  name  is  applied  to  aHnfld  vehtUs 
oil,  which  is  entirely  different  from  the  olia  above  mentioaed,  miii 
a  product  of  the  destructive  distillation  of  animal  matter,  especldfcfrf 
albumiDous  and  gelatinous  substances.  When  purified  by  dittilhrnsi 
it  is  clear  and  transparent.  It  was  formerly  much  used  in  medidoe, 
but  is  now  no  longer  employed. 

Hogslard  and  Suet.— The  most  common  kinds  of  fat  arehogslani 
and  suet,  which  differ  from  each  other  chiefly  Id  consistence.  The 
latter,  when  separated  by  fusion  from  the  membrane  in  which  it  oc- 
curs, is  called  tallow,  which  is  extensively  employed  in  the  manofaC' 
tare  of  soap  and  candles.  Both  these  varieties  of  fat,  as  well  as  tnifl 
and  spermaceti  oil,  consist  almost  entirely  of  steaiine  and  elaiDe;iod 
when  converted  into  soap,  undergo  the  same  change  as  the  fixed  oils, 
yielding  margaric  and  oleic  acids,  and  the  mild  principle  of  oils  called 
glycerine.  Stearic  acid  is  also  a  constituent  of  soap  made  from  thee 
animal  fats. 

The  method  of  preparing  stearine  and  elai'ne  from  the  vegetable oUs 
has  already  been  detailed,  (page  451) ;  and  the  same  process,  wWch 
originated  with  M.  Braconnot,  is  also  applicable  to  hogslard.  The 
mode  by  which  M.  Chevreul  obtains  these  principles  is  by  treating 
hogslard  in  successive  portions  of  hot  alcohol.  The  spirit  in  cooling 
deposites  the  stearine  in  the  form  of  white  crystalline  needles,  which 
are  brittle,  and  have  the  aspect  of  wax,  fuse  readily  when  heated, ind 
are  insoluble  in  water.  The  alcoholic  solution,  when  evaporated, 
leaves  an  oily  fluid  which  is  elaine.  They  may  be  then  renderwl 
quite  pure  by  re-solution  in  boiling  alcohol. 

For  a  full  account  of  the  acids  generated,  during  the  formation  o( 
soap,  by  the  action  of  alkaline  substances  on  oil  or  fat,  I  refer  to  the    I 
treatise  of  M.  Chevreul,  sur  les  Corps  Gras,     The  margaric  and  oleic 
acids  are  best  prepared  from  soap  made  with  potassa  and  fluid  vegeti-  * 
Die  oil.  This  soay,  after  being  dried  as  much  as  possible,  is  treated  bf   I 
—•ijssWe  poxWoua  ol  to\^  ^\<i^i\v^\  q\  %^^<i\<aR.  ^xj^vity  0.S21,  in  which  1 
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pearl)  is  iofloltible  in  water,  and  is  hence  precipitated  by  acids  from 
the  solution  of  its  salts.  It  is  abundantly  dissolved  by  hot  alcohol, 
and  is  deposited  from  the  saturated  solution,  in  cooling,  in  a  crystalline 
mass  of  a  pearly  lustre.  At  140°  F.  it  is  fused,  and  shoots  into  brUliant 
white  acicular  crystals  as  it  cools.  It  has  an  acid  reaction,  and  its 
nits,  those  of  the  alkalies  excepted,  are  very  sparingly  soluble  in 
water.  The  crystallized  acid  contains  3.4  per  cent  of  water,  and  the 
acid  itself  consists  of  79  parts  of  carbon,  12  of  hydrogen,  and  9  of 
oxygen. 

Oleic  acid  is  best  prepared  from  soap  made  with  linseed  oil  and  po- 
tassa,  since  the  greater  part  of  it  consists  of  oleate  of  potassa.  This 
salt  is  first  separated  from  the  margarate  of  potassa  by  cold  alcohol, 
and  the  oleic  acid  then  precipitated  from  an  aqueous  solution  of  the 
oleate  by  means  of  an  acid.  At  the  mean  temperature,  oleic  acid  is  a 
colourless  oily  fluid,  which  congeals  when  It  is  cooled  to  near  zero. 
It  has  a  slightly  rancid  odour  and  taste,  and  reddens  litmus  paper.  Its 
specific  gravity  is  0.898.  It  is  insoluble  in  water,  but  is  dissolved  in 
every  proportion  by  alcohol.  Of  the  neutral  oleates  hitherto  examin- 
ed, those  of  soda  and  potassa  are  alone  soluble  in  water.  In  its  pure 
state,  it  contains  3.8  per  cent  of  water,  and  consists,  the  water  ab- 
stracted, of  80.94  parts  of  carbon,  11.36  of  hydrogen,  and  7.7  of 
oxygen. 

Stearic  Acid, — This  acid  is  best  prepared  from  soap  made  with 
potassa  and  suet  or  hogslard,  and  exists  in  this  soap,  together  with 
margaric  and  oleic  acids.  The  soap  is  dissolved  in  6  times  its  weight 
of  warm  water,  then  mixed  with  40  or  50  parts  of  cold  water,  and  the 
mixture  set  aside  in  a  place  the  temperature  of  which  is  about  56^ 
A  precipitate  of  a  pearly  lustre  gradually  collects,  consisting  of  the  bi- 
margarate  and  bistearate  of  potassa,  which  are  to  be  collected  and 
well  washed  upon  a  filler.  The  two  salts  are  then  separated  by  re- 
peated solution  in  about  20  times  their  weight  of  boiling  alcohol,  from 
which  on  cooling  the  whole  of  the  bistearate  is  deposited,  while  part 
of  the  biraargarate  on  each  occasion  is  retained  in  solution.  The 
former  is  considered  pure,  when  the  stearic  acid,  separated  from  the 
potassa  by  means  of  another  acid,  requires  a  temperature  of  158°  F. 
for  fusion. 

Stearic  acid  is  very  similar  in  its  appearance  and  properties  to  mar- 
garic acid,  and  the  chief  ground  of  distinction  between  them  is  in  the 
latter  being  rather  more  fusible,  and  containing  rather  more  oxygen 
than  the  former. 

Sebacic  Acid, — M.  Thenard  has  applied  this  name  to  an  acid,  which 
is  obtained  by  the  distillation  of  hogslard  or  suet,  and  is  found  in  the 
recipient  mixed  with  acetic  acid  and  fat,  partially  decomposed.  It  is 
separated  from  the  latter  by  means  of  boiling  water,  and  from  the  for- 
mer by  the  acetate  of  lead.  The  sebate  of  lead,  which  subsides,  is 
subsequently  decomposed  by  sulphuric  acid. 

The  sebacic  acid  reddens  litmus  paper,  dissolves  freely  in  alcohol, 
and  is  more  soluble  in  hot  than  in  cold  water.  It  melts  like  fat  when 
heated,  and  crystallizes  in  small  white  needles  in  cooling.  It  is  not 
applied  to  any  use. 

^u^ynne.— Butter  differs  from  the  common  animal  fats  in  contain- 
ing a  peculiar  oleaginous  matter,  which  is  quite  fluid  at  *"  '^ 
which  M.  Chevreul  has  applied  the  name  of  butyrine, 
verted  into  soap,  it  yields,  in  addition  to  the  usual  p 
volatile  odoriferous  compounds,  namely,  l\ie  but'yne^e 
/fn^  acids. 

JPhocenine  is  a  peculiar  fatty  substance  cou\Miie^\a< 
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Moarfic  uid  mwM  piiptiod  In  arimllar  wawior  by  Pollodor  ■■!  Chff» 
tou  Iros  oil  derifod  non  tho  Modf  of  tbo  Yorotnin  oobadHh;  «1  Ai 
Mmo  ebofliittt  bavo  cItoii  tbo  ntme  of /ofropAle  odd  (non  fnftif 
er^tmie}  to  tbo  add  of  tbo  ooap  mado  ftom  craloo  oIL  lUidl  k 
dorlfod  mm  tbo  aoodo  of  tbo  Orvlon  Hffiimim, 

Tbo  awoot  Mfndpio  of  oila,  tbo  ghfetrhu  of  Chonoai,  «m  i^ 
coTorod  by  Seboolo.  Il  waa  originally  olMalnod  fai  tbo-Anaata  if 
coouDOO  plaator  by  bolttng  oil  wTlb  osido  of  food  and  a  IMivilv; 
and  Cborrenl  fbmid  tbat  it  If  producod  during  tho  aaporitakatf 
fMty  aobftancoa  In  meral.  In  proparing  aoop  liy  moanaafpil— i 
tba|dycorinobloftuitbomotlierHqiior;  and  oo  DoattaUv  At  fiat 
aMnfi  witb  tulpboric  add,  evaporatlnr  to  tbo  conatotoneo  af  ifiapk  nd 
tioatini  tbo  lotlduo  witb  deohol,  it  la  diaoolved.  Tho  rieibilr  tda* 
tlon,  wben  ovaporatod,  jrleldi  glyeorino  in  the  form  of  an  MUfH* 
laUo  ajmip.  It  li  aohibla  in  water  and  alcohol»  and  bai aavaal  tnUb 
bat  la  not  awoeptiUe  diber  of  tbo  Tinooa  or  acotona  InaMdMha 
Accofdiog  10  tbe  analyris  of  Che? reul,  glycerine,  of  the  nedfie  gn- 
vity  of  1.27,  contains  40.071  parts  of  carbon,  8.925  of  bjrarogeo,  tad 
61.004  of  oxygen. 

Sptrmaeetu — This  inflammable  snbstance,  which  is  prepared  froa 
the  spermaceti  whale  as  above  mentioned,  commooly  ocean  in  er^ 
tallino  plates  of  a  white  colour  and  silvery  lustre.  It  is  brittle,  w 
feels  soft  and  slightly  unctuous  to  tbe  touch.  It  has  no  taste,  mi 
scarcely  any  odour.  It  is  insoluble  in  water,  but  dissolves  in  aboa 
thirteen  times  its  weight  of  boiling  alcohol,  from  which  the  greitet 
part  is  deposited  on  cooling  in  the  form  of  brilliaot  scales.  ItisKil 
more  soluble  in  ether.  It  is  exceedingly  fusible ,  liquefying  at  a  (en* 
perature  which  is  distinctly  below  212°  F.  Digested  with  pure  pot- 
assa  it  is  converted  into  soap,  and  the  acid  then  generated  has  reccffcd 
from  M.  Chevreul  the  name  of  eetie  acid. 

The  spermaceti  of  commerce  always  contains  some  fluid  oil,  6oa 
which  it  may  be  purified  by  solution  in  boiling  alcohol.  To  tbe  wbia 
crystalline  scales  deposited  from  the  spirit  as  it  cools,  and  wbidi  ii 
spermaceti  in  a  state  of  perfect  purity,  M.  Chevreul  has  given  themai 
of  eetine. 

Adipoeire. — When  a  piece  of  fresh  muscle  is  ezpossd  for  some  tioc 
to  the  action  of  water,  or  is  kept  in  moist  earth,  the  fibrin  entirely  di^ 
appears,  and  a  fatly  matter  called  adipocire  remains,  which  hu  sow 
resemblance  to  spermaceti.  The  fibrin  was  formerly  thought  to  be 
really  converted  into  adipocire;  but  Gay-Lussac*  and  Chevreul  buIB' 
tain  that  this  substance  proceeds  entirely  from  the  fat  orisiDally  pn* 
sent  in  tbe  muscle,  and  that  the  fibrin  is  merely  destroyed  by  patI^ 
laction.  Dr  Thomson  maintains,  however,  that  the  eonveratoo  of 
~  -^n  Uilo  \m\  doea  tio\  occuc  in  some  instances,  and  baa  related 
^Ha  ciBa  Vn  ^to^l  ^l  V^  v^Ns\^\i.  V>scGi«  ^C  Phil.  vol.  xli* 


Ltedais>l 

i.  p.  41.)  1 


^«  aa,ts^,tX^V^x^^Vi« 


Animal  Oils  and  Fats.  507 

According  to  M.  Cheyreul*  the  adipocire  is  not  a  pure  fatty  priDciple, 
but  a  apeciea  of  soap,  chiefly  consisting  of  margaric  acid  in  combina* 
(ioD  fdth  ammonia  generated  during  the  decomposition  of  the  fibrin. 

'  C^UMterine*, — ^This  name  is  applied  by  M.  Chevreul  to  the  crys- 
tillioe  matter  which  constitutes  the  basis  of  most  of  the  biliary  con* 
eratipDs  ^ormeid  in  the  human  subject.  Fourcroy,  regarding  it  as 
identical  with  spermaceti  and  the  fatty  matter  just  described,  compre- 
honded  ail  these  substances  under  the  general  appellation  of  adipocire ; 
but  M.  Che?reul  has  shown  that  it  is  a  distinct  independent  principle, 
whoUy  different  from  spermaceti. 

Cholesterine  is  a  white  brittle  solid  of  a  c'rystalline  lamellated 
fltructare,  and  brilliant  lustre,  very  much  resembling  spermaceti ;  but 
it  ia  distinguished  from  that  substance  by  requiring  a  temperature  of 
278**  F.  for  fusion,  and  by  not  being  convertible  into  soap  when  di- 
cested  in  a  solution  of  potassa.  It  is  free  from  taste  and  odour,  and  is 
msoluble  in.  water.  It  dissolves  freely  in  boiling  alcohol,  from  which 
it  is  deposited  on  cooling  in  white  pearly  scales.  According  to  the 
analjTBis  of  Chevreul,  it  i3  composed  of  85.095  parts  of  carbon,  11.88 
of  hydrogen,  and  3.025  of  oxygen. 

when  heated  with  its  own  weight  of  concentrated  nitric  acid,  cho- 
lesterine is  dissolved  with  disengagement  of  nitric  oxide  gas ;  and  in 
cooling  a  yellow  matter  precipitates,  an  additional  quantity  of  which 
may  be  obtained  by  dilution  with  water.  This  substance  possesses  the 
properties  of  acidity,  and  is  called  cholesteric  acid.  It  is  insoluble  in 
water>  but  dissolves  freely  in  alcohol,  especially  with  the  aid  of  heat. 
Its  taste  is  slightly  styptic,  and  its  odour  somewhat  like  that  of  butter; 
It  is  h'ghter  than  water,  and  fusible  at  136.5''  F.  In  mass  it  is  of  an 
ovai^e-yellow  tiul  j  but  wbon  tho  •looholio  solution  is  evaporated 
spontaneously,  it  is  deposited  in  acicular  crystals  of  a  white  colour. 
It  reddens  litmus  paper,  and  neutralizes  alkaline  bases.  The  choles- 
terates  of  potassa  and  soda  are  deliquescent  and  veiy  soluble  in  water, 
but  insoluble  in  alcohol  and  ether.  The  cholesterates  of  the  earths 
and  other  metallic  oxides  are  either  sparingly  dissolved  by  water  or 
altogether  insoluble.  Its  salts  are  precipitated  by  the  mineral  and 
most  of  the  vegetable  acids ;  but  are  not  decomposed  by  carbonic 
aeid.  For  these  facts  respecting  the  formation  and  properties  of 
cholesteric  acid,  we  are  indebted  to  the  experiments  of  MM.  Pelletier 
and  Caventou.  (Journal  de  Pharmacie,  iii.  292.) 

Cholesterine  has  been  detected  in  the  bile  of  man,  and  of  several 
of  the  lower  animals,  such  as  the  ox,  dog,  pig,*and  bear.  This  inter- 
eatinj^  discovery  was  made  about  the  same  time  by  Chevreul  in  Paris, 
and  by  Tiedemann  and  Gmelin  in  Heidelburg.  M.  Lassaigne  has 
likewise  found  it  in  the  biliary  calculus  of  a  pig.  (An.  de  Ch.  et  de 
Ph.  vol.  zxxi.)  It  is  frequently  formed  in  parts  of  the  body  quite  un- 
connected with  the  hepatic  circulation,  and  appears  to  be  a  common 
product  of  deranged  vascular  action.  M.  Caventou,  in  the  Journal 
de  Pharmacie  for  October  1825,  states  that  the  contents  of  an  abscess, 
formed  under  the  jaw  appar<^ntly  in  consequence  of  a  carious  tooth, 
were  found  by  him  to  consist  almost  entirely  of  cholesterine.  In  the 
KiiclecaleulofiheJVouveauDictionnairede  Medeeine,  M.  Breschet 
observes  that  cholesterine  has  been  found  in  cancer  of  the  intestines, 
•Dd  in  the  fluid  of  hydrocele  and  ascites  in  the  human  subject ;  and 
adds  that  M.  Barruel  procured  it  in  large  quantity  (com  vci  q.'sv^vgl  ^^ 
in  a  mere,  aod  Id  the  fluid  drawn  off  uom  the  o^vc^  ol^^^xfiAsc^^  v^^ 

■  ■■        ■  ■  — ■■ 

*  From  ;^eA»  &tie,  and  o-TtpMC  solid. 
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thttoopw.    Dr  Chrirtlwe  found  It  ktolj  fa  llf  MA  of  fcy^mih, 
i^tea  lipom  a  j^tloBt  In  the  Rofol  Infirmuy  of  KdkdmiA  b^ 
Or  WUUtm  Cnllen;  In  an  oneono  eyat  Into  wtiidi  tta  UAMMif 
■noAor  patient  were  eoBTortod;  and  In  IhoBMmbnuieioftbalRaiiiif 
an  epUeptle  patient. 

Tbe  beat  method  of  preparfaif  pore  choleaterine  b  to  tiaat  haan 
bUiaiy  coneiellont,  reduced  to  powder,  with  boinngaledbot,«l(i 
filter  the  hot  eolation  at  rapidly  at  poaaibla.  Aa  the  nqoldcMl^lhi 
greater  part  of  the  cboleeterineeulMldea.  IntUawayltiilreedlmilhi 
colooring  matter^  with  which  ft  la  commonly  aaaodatad  in  the|ril- 

■tODO. 

wftwtergrit.— Thb  iobetance  le  fomid  floating  on  the  nvftei  if  Ae 
■ea  near  the  coette  of  India*  AfHea,  and  BraslU  and  le  emiiiml  t»  be 
a  concretion  formed  In  the  etomach  of  tho  aponnacetl  whue.  It  \m 
commonly  been  regarded  ae  a  reeinoaa  principle;  but  ttichhfcM- 
■tltuent  le  a  eabetance  ? ery  analogona  to  choleeteiine,  end  to  iMA 
Felletierand  Cafcnton  hive  given  tho  namo  of  omAniM,  Qfd* 
geetion  in  nitric  acid,  ambieine  le  converted  Into  a  pecoBar  leUoM 
the  omdrtk  add.  (An.  of  Phil.  vol.  svi.) 


ON  THE  MORE  COMPT.EX    ANIM4T,    SUBSTANCES,  AND 
SOME  FUNCTIONS  OF  ANIMAL  BODIES. 


SECTION   I. 

O.V  THE  BLOOD,  RESPIRATIOJV,  jSJVD  jUVIMAL 

HEAT. 

The  blood,  while  cirtulatine  In  the  vessels  of  living  animals,  is  floid,     i 
and  of  a  florid  red  colour  in  the  arteries,  and  of  a  daric  purple  colov 
in  the  veins.    Its  taste  is  slightly  saline,  its  odour  peculiar,  and  to  tbe 
touch  it  seems  somewhat  unctuous.    Its  specific  gravity  is  variablei 
but  most  commonly  is  near  1.05,  and  in  man  its  temperature  is  aboat 
98*^  or  100=*  Fahr.     When  recently  drawn,  it  appears  to  tbe  naked  eye 
as  a  uniform  liomogeneous  fluid ;  but  if  examined  with  a  microscope 
of  sufficient  power,  numerous  red  particles  of  a  globular  form  are  seen 
floating  in  a  colourless  fluid.    The  compound  nature  of  the  blood  if 
rendered  still  more  apparent  by  the  process  of  coagulation,  doiiog 
which  it  Separates  spontaneously  into  two  distinct  portions,  a  yeOoir- 
ish  liquid  called  the  serum  of  the  blood,  and  a  red  solid,  known  \fj 
tbe  name  of  the  clot^  cruoft  or  eraBtamentum,    Tbe  proportion  of 
•  xarts  is  variable,  the  latter  being  more  abondant  In  bMhliy 
*^rtiniHt  VIkiiu  V(k  ^QMb  ^\a!^^vi%  bften  debUltatod  by  depio 
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da.  Its  average  specific  gravity  is  about  1U>29.  Lilce  other  albuml- 
Dous  liquids,  it  is  coagulated  by  heat,  acids,  alcohol,  and  all  other' 
substances  which  coagulate  albumen.    On  subjecting  the  coagulum 

Iirepitred  by  heat  to  gentle  pressure,  a  small* quantity  of  a  colourless 
impid  fluid,  called  the  seroaity,  oozes  out,  which  contains  according 
to  Dr  Bostock  about  l-50th  of  its  weight  of  animal  matter,  together 
with  a  little  muriate  of  soda.  Of  this  animal  matter  a  portion  is  albu* 
men,  which  may  easily  be  coagulated  by  means  of  galvanism;  but  a 
email  quantity  of  some  other  principle  is  present,  which  differs  both 
from  albumen  and  gelatin.  (Medico-Chir.  Trans,  vol.  ii.  p.  166.) 

From  the  analysis  of  the  late  Dr  Marcet,  1000  parts  of  the  seram 
of  human  blood  are  composed  of  water  900  parts,  albumen  86.8,  mu- 
riates of  potassa  and  soda  6^6,  muco-extractive  matter  4,  carbonate  of 
soda  1.65,  sulphate  of  potassa  0.35,  and  of  earthy  phosphates  0.60. 
This  result  agrees  very  nearly  with  that  obtained  by  Berzelius,  who 
states  that  the  extractive  matter  of  Marcet  is  lactate  (acetate)  of  soda 
united  with  animal  matter.  (Medico-Chir.  Trans,  vol:  iii.  p.  231.) 

The  crassamentum  or  =clot  of  the  blood  consists  of  two  parts,  the 
fibrin  and  colouring  principle.  The  latter  resides  in  distinct  particles, 
which,  according  to  Prevost  and  Dumas,  are  elliptical  in  birds  and 
cold-blooded  animals,  and  assume  the  globular  form  in  the  mammifer- 
ous  animals.  These  globules  are  insoluble  in  serum ;  but  their  colour 
is  dissolved  by  pure  water,  acids,  alkalies,  and  alcohol.  Much  uncer- 
tainty prevails  among  chemists  relative  to  the  cause  of  the  colour  of 
the  red  globules.  As  soon  as  the  blood  was  known  to  contain  iron, 
the  peroxide  of  which  has  a  red  tint,  the  colour  of  the  red  globules 
was  ascribed  to  the  presence  of  that  metal,  and  some  chemists  sup- 
posed it  to  be  in  the  form  of  the  subphosphate  of  iron.  This  opinion 
was  adopted  by  Fourcroy  and  Vauquelin,  who  even  affirmed  that  the 
phosphate  of  iron  may  be  dissolved  in  serum  by  means  of  an  alkali, 
and  that  the  colour  of  the  solution  is  exactly  similar  to  that  of  the 
blood. 

This  subject  was  investigated  in  the  year  1806  by  Berzelius,  who 
showed  that  the  subphosphate  of  iron  cannot  be  dissolved  in  serum, 
in  the  way  supposed  by  Fourcroy  and  Vauquelin,  except  in  very  mi- 
nute quantity;  and  that  this  salt,  even  when  rendered  soluble  by 
phosphoric  acid,  communicates  a  tint  quite  different  from  that  of  the 
red  globules.  On  comparing  together  the  composition  of  the  three 
principal  ingredients  of  the  blood,  viz.  fibrin,  albumen,  and  colouring 
matter,  he  found  that  the  ashes  of  the  last  always  yielded  oxide  of 
iron  in  the  proportion  of  l-200th  of  the  original  mass,  while  the 
oxide  was  entirely  wanting  in  the  two  former.  From  this  it  was  a 
probable  inference,  that  iron  is  somehow  or  other  concerned  in  the 
production  of  the  red  colour;  but  the  experiments  of  Berzelius  did 
not  make  known  the  state  in  which  that  metal  exists  in  the  blood. 
He  could  not  detect  its  presence  by  any  of  the  liquid  tests.  (Medico- 
Chir.  Trans,  vol.  iii.  p.  213.) 

In  a  series  of  experiments  published  in  1812,  (Philos.  Trans.)  Mr 
Brando  obtained  results,  quite  contrary  to  those  of  Berzelius.    He  de- 
tected iron  in  the  ashes  of  the  serum  and  fibrin  as  well  as  those  of  the 
red  globules ;  and  in  each  it  was  present  in  such  minute  qnantitv.  fbat 
no  effect  as  a  colouring  agent  could  be  expected  from.1* 
supposed  that  the  tint  of  the  red  globules  is  produead 
animal  colouring  principle,  capable,  like  other  subetHM 
nature,  of  combining  with  metallic  oxVdas.    He  vaA»« 
big  a  eompoand  of  the  colouring. maU«t  ol  ^(Via  \AnWa 
of  tiD ;  but  its  foesl  precipitantt  vtt  nVVtale  ol  mvcewi  ^ 
802 
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WooIImi  ctollM  teyiifiitei  wilii 
«•  being  dipped  ialo  n  a^MMMlilloa  afte 
Mf p  M^inied  e  penNMnt  led  dyep  wdHMieenle  by  wmHbk  Wnh  hmi 

Ibe coBcluiioiie of  Biiade»  lelelive  to  tho  p'w fee  ofbeB ii m 
AlboBeii  aod  fibite  of  tbe  bbwd  lecelvod  additleiMil  ewoit  fna  *i 
letewebei  of  Yanqiwlfai;  (An.  do  Cb.  et  de  Ph.  voL  L)  bat  tbe .qM* 
tloo  bai  been  finelly  decided  bj  Dr  Engelbart*  e  yoneg  Gmn 
cbemiit  of  greet  pnailee»  wbo  gelned  the  prinn  olliBfed  in  Ibe  far 
18S6  bj  tbe  Ifedieel  Facoltj  orGotthigeB  for  the  beet  enHgr^thi 
nttureof  tbe  eolowlngmitter  of  tbe  blood.  (Edlnb.  lied,  end  Shj^ 
Jonrael  for  Jtnneiy  1817.)  He  demonetntad  that  thn  fibrin  midw 
men  of  tbe  blood,  when  ctrefulljr  eepereted  from  colooring  pertMn^ 
do  not  contain  e  trMO  of  Iron;  end  on  the  ebntreiy,  he  preem  bn 
from  tbe  red  globolet  by  taiclnentlon.  But  ho  hee  likow lie  ■wael 
ed  in  proving  tbe  ezletence  of  Iron  In  tbe  eoloaring  nuitter  ef  Ailfaii 
by  tfaie  liquid  teste ;  for,  on  transmitting  n  eorvent  of  cbWn  pi 
tbrougb  a  solution  of  tlie  red  globolee,  tbe  colour  ontiieiy  dtaifp■^ 
ed,  wnlle  floclu  were  tlwown  down,  and  n  tnnapnrent  selelfaB  »* 
nudned,  hn  wbleb  tbe  peroxide  of  Iron  wae  diecovered  l«  il  Iki 
usual  rfsgents.  Tbe  results  obtained  by  Dr  Engeliuifft  rehlne  H  Urn 
quanti^  of  tlie  iron,  corremond  with  those  of  Benelius.  Thm  fidi  . 
nave  been  since  confiimed  by  M.  Rose,  who  has  accounted  la  t  ndi- 
foctoiy  manner  for  tbe  foUure  of  former  chomiete  In  deteedaglnaia 
tbe  bJood  wbile  in  a  fluid  stete.  He  finds  that  the  oxide  efhoaon^ 
not  be  precipitated  by  Um  alkalies,  hydroeulphnret  of  amsiBehi  sr 
infusion  of  galls.  If  It  is  dissolved  in  a  solution  which  conlatas  she*  I 
men  or  other  soluble  organic  principles. 

From  the  presence  of  iron  m  the  red  globules,  and  its  tottl  ab- 
sence  in  the  other  principles  of  the  blood,  it  is  probable  that  this  metal, 
though  its  quantity  does  not  exceed  one-half  per  cent,  is  essential  to 
the  pioduction  of  the  red  colour.  The  expeiiinents  of  Dr  Engelhait, 
however,  have  not  determined  the  manner  in  which  It  acts,  nor  ia 
what  state  it  exists  in  the  blood,  though  it  is  most  probably  in  tbe 
form  of  an  oxide.  It  is  a  singular  coincidence  that  the  sulphocyanie 
acid,  which  forms  with  the  peroxide  of  iron  a  colour  exactly  like  tfait 
of  venous  blood,  has  been  detected  in  the  saliva.  The  existence  of 
this  acid  in  the  blood  itself  is,  therefore,  a  circumstance  by  no  meaoi 
improbable. 

Dr  Engelhart  is  likewise  the  first  chemist  who  has  procured  the 
colouring  matter  of  the  blood  in  a  state  of  perfect  purity.  Tbe  me- 
thod formerly  recommended  is  that  of  Berzelius,  whose  process  coo* 
sidts  in  allowing  the  clot,  cut  into  thin  slices,  to  drain  as  much  as  po»> 
sible  on  bibulous  paper,  triturating  it  with  water,  and  then  evaporating 
the  solution  at  a  temperature  not  exceeding  122°  F.  As  thus  prepa^ 
ed,  the  colouring  matter  retains  all  its  properties,  but  is  mixed  with  a 
little  serum.  The  method  of  Dr  Engelhart  is  founded  on  the  £iet, 
that  serum,  when  much  diluted,  does  not  coagulate  by  beat,  whUe 
the  red  particles  are  coagulated,  and  fall  down  In  tbe  form  of  brows 
flocks.  Serum  diluted  with  ten  parts  of  water,  does  not  coagulate  at 
160^  F. ;  but  the  colouring  matter,  dissolved  in  fifty  parts  of  watsr, 
begins  to  coagulate  at  149°  F. 

The  colouring  particles,  when  prepared  in  this  way,  are  no  longer 

of  a  bris;ht  red  colour,  and  their  nature  is  somewhat  modified.  In  coar 

'^  ^  w\M:Vk  idEi«s  «x«  VtAoluble  in  water.     When  half  dried, 

■<iAW«&iAi*nA,  ^ijtvGNVv  ^  VtNadc^ft  tcAw^N'va^'^^MUX  complslel^ 
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Except  in  their  iosolubility,  they  have  all  the  properties  of  the  red 
particles  obtained  by  the  method  of  Berzelius.  The  caustic  allcaliei 
with  the  aid  of  heat  dissolve  them  entirely,  and  ti&e  solution  acquues 
a  dark  blood-red  colour. 

The  fibrin  of  the  blood  may  easily  be  obtained  in  a  pure  state  by 
washing  the  clot  in  cold  water  until  the  colouring  matter  is  entirely 
removed.  While  circulating  in  the  animal  body,  it  is  either  in  a  fluid 
state,  or  suspended  in  the  serum  in  the  form  of  minute  colourlese 
globules ;  but  when  removed  from  the  vessels  and  set  at  rest,  it  be- 
comes solid  in  the  course  of  a  few  minutes,  giving  rise  to  what  is 
called  the  coagulation  of  the  blood.  The  time  required  for  coagula- 
tion is  influenced  by  temperature,  being  promoted  by  heat,  and  retard- 
ed by  cold.  Dr  Scudamore  finds  that  blood  which  begins  to  coa- 
gulate in  four  minutes  and  a  half  in  an  atmosphere  of  63°  F.  under- 
goes  the  same  change  in  two  minutes  and  a  half  at  98° ;  and  that 
which  coagulates  in  four  minutes  at  98°  will  become  solid  in  one 
minute  at  120°.  On  the  contrary,  blood  which  coagulates  firmly  in 
five  minutes  at  60°  will  remain  quite  fluid  for  twenty  minutes  at  the 
temperature  of  40°,  and  requires  upwards  of  an  hour  for  complete 
coagulation.  (Scudamore  on  the  Blood.) 

The  process  of  coagulation  is  influenced  by  exposure  to  the  air.  If 
atmospheric  air  be  excluded,  as  by  filling  a  bottle  completely  with  re- 
cently drawn  blood,  and  closing  the  orifice  with  a  good  stopper,  coa- 
gulation is  retarded.  It  is  singular,  however,  that  if  blood  be  confined 
within  the  exhausted  receiver  of  an  air-pump,  the  coagulation  is  acce- 
lerated. (Scudamore.) 

Recently  drawn  blood,  owing  doubtless  to  its  temperature,  is  known 
to  give  ofl*  a  portion  of  aqueous  vapour,  which  has  a  peculiar  odour, 
indicative  of  the  presence  of  some  peculiar  princhple,  but  in  which 
nothing  but  water  can  be  detected.  Physiologists  are  not  agreed  upon 
the  question  whether  the  act  of  coagulation  is  or  is  not  accompanied 
with  the  disengagement  of  gaseous  matter.  In  the  experiments  of 
Vogel,  Brande,  and  Scudamore,  blood  coagulating  in  the  vacuum  of 
an  air-pump  was  found  to  emit  carbonic  acid,  and  Dr  Scudamore  even 
inferred  that  the  evolution  of  this  gas  constitutes  an  essential  part  of 
the  process.  Other  experimentalists,  however,  have  obtained  a  dif- 
ferent result.  Dr  John  Davy  and  Dr  Duncan»  jun.  failed  in  their  at- 
tempts to  procure  carbonic  acid  from  blood  during  coagulation ;  and 
Dr  Christison,  in  an  experiment  performed  two  years  ago  in  my  labo- 
ratory, and  at  which  I  was  present,  was  not  more  successful.  These 
facts  appear  conclusive  against  the  opinion  of  Dr  Scudamore,  and  they 
receive  additional  weight  from  the  consideration,  that  the  appearance 
of  carbonic  acid  in  the  experiments  above  mentioned,  might  easily 
have  been  occasioned  by  casual  exposure  to  the  atmosphere  previous 
to  the  blood  being  placed  under  the  receiver. 

Coagulation  is  influenced  by  the  rapidity  with  which  the  blood  is 
removed  from  the  body.  Dr  Scudamore  observed,  that  blood  slowly 
drawn  from  a  vein  coagulates  more  rapidly  than  when  taken  in  a  full 
stream. 

Experiments  are  still  wanting  to  show  the  influence  of  different 

gases  on  coagulation.    Oxygen  gas  accelerates  coagulation,  and  car- 
onic  acid  retards,  but  cannot  prevent  it. 

Caloric  is  evolved  during  the  coagulation  of  the  blood.  The  late 
Pr  Gordon  estimated  the  rise  of  the  thermometer  at  six  d  "^d 

Dr  Davy,  on  the  other  hand,  regards  the  increase  of  temi 
ibis  cause  as  very  alight    Dr  Scudamore  &uda  WiaX,  ^Soft 
blood  cools  is  distinctly  slower  than  it  wouU\y«  \««i& 
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appHcatfan  of  Vntnioa^  or  whicb  kiihMBM* 
itnvomad  wllblp  tho  body,  la  MMtrntlaBr  imM.  U 
baao  Wlbado  fold  iaBpaaaJMo  ta  accoqot  lira  mMbIbj 
for  tba  Haad  lataioiag  Hi  IMditj  IhMi  tho  laflBMeaif  M«iib 
taipamtuia,  ar  iba  opaiatlao  af  any  phyaleal  or  chaaiiCTl  1mii;  mk 
coDM^iiently,  ft  It  gaoeially  aaeribad  to  tho  agoney  of  fba  fitaifik 
dale.  Tbe  blood  it  tuppotod  eitlior  to  bo  ondowad  witt  •  pifawipb 
of  ritility,  or  to  receive  from  the  liirinp^  parts  with  which  it  is  io  cob* 
tact  a  ccruio  vital  iuiprestioo,  wliich,  together  with  coDstanl  motiM, 
couoteracts  its  tendency  to  coagulate. 

The  clot  of  blood  drawn  from  an  individual  in  a  state  of  healAii 
red  throughout  itt  whole  substance,  becaute  the  fibrin  coagulates  b» 
fore  the  red  globules  have  had  time  to  subside.     In  inflammatory  dii* 
eases,  on  the  contrary,  the  blood  undergoes  a  peculiar  chaDfe^a 
consequence  of  which  the  red  globules  sinlc  to  tbe  bottom  befote  tb 
fibrin  has  become  solid,  and  thus  leave  the  upper  surface  of  the  htto 
of  its  natural  pale  colour.  This  appearance  is  familiarly  known  bf  fte 
name  of  buffy  coat.    Its  formation  roust  obviously  depend  either « 
the  coagulation  being  unusually  slow,  so  that  the  red  globules  hm 
full  leisure  to  subside  ;  or  on  the  coagulation  talcing  place  in  theoid* 
nary  period,  while  the  red  globules  subside  with  unusual  rapidity.  Tbe 
nature  of  the  change  which  gives  rise  to  the  bujfl^  coat  is  altogetta 
unknown. 

m 

Respiration. 

When  venous  blood  is  brought  into  contact  with  atmospheiiiilir, 
its  surface  passes  from  a  dark  purple  to  a  florid  red  colour,  oxygen  dif- 
appears,  and  carboDic  acid  gas  is  emitted.  These  changes  take  phee 
more  speedily  when  air  is  agitated  with  blood  ;  they  are  still  more  lapU 
when  pure  oxygen  is  substituted  for  atmospheric  air ;  and  they  do  DOl 
occur  at  all  when  oxygen  is  entirely  excluded.  It  is  hence  infetied 
that  the  process  of  arterialixatian,  as  it  is  called,  or  tbe  convenfes 
of  venoua  Vnlo  ttcV^^naV  X^V^^^  dA^nda  entirely  on  tlie  presence  of  oxy- 

Hft  mA  ^t\3M3kaa  Vi»!^«qe'Jai%«««a&a^^3isM«a«9^ 
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The  same  changes  that  occar  out  of  the  body  are  contiooally  taking 

{»lace  within  it.  During  respiration,  venous  blood  is  eiposed  in  the 
angs  to  the  agency  of  the  air,  and  is  arterialized,  oxygen  gas  disap- 
pears, and  carbonic  acid  is  evolved ;  and  it  is  remarkable  that  these 
phenomena  ensue  not  only  during  life,  but  even  after  death,  provided 
the  respiratory  process  be  preserved  artificially.  Since,  therefore,  the 
essential  phenomena  of  arterializatton,  according  to  the  best  data  we 
possess,  are  the  same  in  a  living  and  in  a  dead  animal,  and  whether 
the  blood  is  or  is  not  contained  in  the  body,  it  seems  quite  legitimate 
to  infer,  that  this  process  is  not  necessarily  dependent  on  the  vital 
principle,  but  is  solely  determined  by  the  laws  of  chemical  action. 

In  studying  the  subject  of  respiration,  the  first  object  is  to  determine 
the  precise  change  produced  in  the  constitution  of  the  air  which  is  in- 
haled. Dr  Black  was  the  first  to  notice  that  the  air  exhaled  from  the 
lungs  contains  a  considerable  quantity  of  carbonic  acid,  which  maybe 
detected  by  transmission  thrdugh  lime-water.  Priestley,  some  years 
after,  observed  that  air  is  rendered  unfit  for  supporting  flame  or  animal 
life  by  the  process  of  respiration,  from  which  it  was  probable  that  oxy- 

§en  is  consumed ;  and  Lavoisier  subsequently  established  the  fact,  that 
uring  respiration  oxygen  gas  disappears,  and  carbonic  acid  is  disen- 
gaged. The  chief  experimentalists  who  have  sipce  cultivated  this  de- 
partment of  chemical  physiolo^  are  Priestley,  Scheele,  Lavoisier, 
Seguin,  Crawford,  Goodwin,  Davy,  Ellis,  Allen  and  Pepys,  Edwards 
and  Despretz.  Of  these,  the  results  obtained  by  Messrs  Allen  and 
Pepys,*  and  Dr  Edwards,t  are  the  most  conclusive  and  satisfactory, 
their  researches  having  been  conducted  with  great  care,  and  aided  by 
all  the  resources  of  modern  chemistry. 

One  ot  the  cnief  objects  of  Messrs  Allen  and  Pepys,  in  their  experi- 
ments, was  to  ascertain  if  any  uniform  relation  exists  between  the 
oxygen  consumed  and  the  carbonic  acid  evolved.  They  found  in  ge- 
neral that  the  quantity  of  the  former  exceeds  that  of  the  latter;  but  as 
the  difference  was  very  trifling,  they  inferred  that  the  carbonic  acid  of 
the  expired  air  is  exactly  equal  to  the  oxygen  which  disappears.  The 
experiments  of  Dr  Edwards  were  attended  with  a  remarkable  result, 
which  accounts  very  happily  for  some  of  the  discordant  statements  of 
preceding  inquirers.  He  found  the  ratio  between  the  gases  to  vary 
with  the  animal.  In  some  animals  it  might  be  regarded  as  nearly  equal; 
while  in  others  the  loss  of  oxygen  considerably  exceeded  the  gain  of 
carbonic  acid,  so  that  the  respired  air  suffered  a  material  diminution  in 
volume.  With  respect  to  the  human  subject,  the  statement  of  Allen 
and  Pepys  seems  very  near  the  truth. 

The  quantity  of  oxygen  withdrawn  from  the  atmosphere,  and  of 
carbonic  acid  disengaged,  is  variable  in  different  individuals,  and  in 
the  same  individual  at  different  times.  It  is  estimated  by  Allen  and 
Pepys,  that  in  every  minute  during  the  calm  respiration  of  a  healthy 
man  of  ordinary  stature,  26.6  cubic  inches  of  carbonic  acid  of  the  * 
temperature  of  50"^  F.  are  emitted,  and  an  equal  volume  of  oxygen 
withdrawn  from  the  atmosphere.  From  these  data  it  has  been  cal- 
culated, that  in  an  interval  of  twenty-four  hours  not  less  than  eleven 
oances  of  carbon  are  given  off  from  the  lungs  alone, — an  estimate 
which  must  surely  be  inaccurate,  the  quantity  being  so  great  as  some- 
times to  exceed  the  weight  of  carbon  contained  in  the  food.  From 
the  observations  of  Dr  Prout,  it  appears  that  the  quantity  of  '•»-*>'«nic 
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mdd  emitted  from  the  langs  is  Tariable  at  pirtlcuUr  periods  of  ike 

day,  and  in  particular  states  of  the  system.     It  is  more  abundant  dv- 

riog  the  day  than  the  nl|;ht;  about  day- break  it  bejjrins  to  increaie, 

continues  to  do  so  till  about  noon,  and  then  decreases  until  samet 

During  the  ni((ht  it  seems  to  remain   uniformly  at  a  minimum;  lod 

the  maximum  quantity  given  oflf  at  noon,  exceeds  the  minimaia  by 

about  one* fifth  of  the  whole.    The  quantity  of  carbonic  acid  if  dt> 

niininhed  by  any  debilitating  causes,  such  as  low  diet,  depressing  pu- 

sions,  and  the  like.  (Ann.  of  Phil.  vol.  xiii.  p.  269.)   The  expeiimeoti 

of  Dr  Fyfe,  published  in  his  Inaugural  Dissertation,  are  confirmitofj 

of  those  above  mentioned. 

MerarA  Allen  and  Pepys  have  shown  that  the  atmospheric  air,  when 
drawn  into  the  lungs,  returns  charged  in  the  succeeding  ezplntioo 
with  from  8  to  8.6  per  cent  of  carbonic  acid  gas.  They  found  also, 
that  when  an  animal  is  confined  in  the  same  quantity  of  air,  death 
ensuen  before  all  the  oxygen  is  consumdd ;  that  when  the  same  por- 
tion of  air  is  repeatedly  respired  until  it  can  no  longer  support  life,  it 
then  contains  only  10  per  cent  of  carbonic  acid. 

Alihough  in  respiration  the  arterialization  of  the  blood  by  meaosof 
free  oxygen  is  the  essential  change,  without  the  due  peiformaoce  of 
which  the  life  of  warm-blooded  animals  cannot  be  preserved  beyond 
a  few  minutes,  and  which  is  lilcewi^  necessary  to  the  loweat  of  the 
insect  tribe,  it  is  important  to  determine  whether  the  oitrogeo  of  the 
atmosphere  has  any  influence  in  the  function.  The  results  of  different 
inquirers  differ  considerably.     In  the  experiments  of  Priestley,  Davy, 
lluiiihuldt,  ileiiilcrsoii,  and  Pfjff,  there  appeared  to  be  absorptioD  of 
nitiog*>ri,  a  Jess  qiian(i(v  of  that  gas  bein{r  exhaled  than  was  inspired. 
Nysti'fi,  IJerthoIlet,  and  Despretz,  on  me  conirary,  ronidiked  ania* 
crease  in  the  bulic  of  the  nitrogen  ;  and  from  the  researches  of  Seguio 
and  Lavoisier,  Vauquclin,  Ellis,  Dalton,  and   Spallanzani,  it  was  in- 
ferred that  there  is  neither  absorption  nor  exhalation  of  nitrogen,  tbe 
quantity  of  that  gas  undergoing  no  change  during  its  passage  through 
the  air  cells  of  the  lungs.     Messis  Allen  and  Pepys  arrived  at  asiiuihr 
conclusion  ;  and  since  the  appearance  of  their  essay,  the  opinion  bu    • 
prevailed  very  generally  among  physiologists,  that  in  respiration  the 
nitrogen  of  the  air  is  altogether  passive. 

The  facts  ascertained  by  Dr  Edwards  relative  to  this  subject  ire 
novel  aud  of  peculiar  interest.     This  acute  physiologist  has  reconciled 
the  discordant  results  of  preceding  experimenters,  by  showing  that, 
during  the  icspiration  even  of  the  same  animal,  the  quantity  of  nitio*    ^ 
gen   may  one  while  be  increased,  at  another  time  diminished,  and  at    j 
a  third   wholly  unchanged.     He  has  traced  these  phenomena  to  tbe    i 
influence  of  the  seasons  ;  and  he  suspects,  as  indeed  is  most  probable. 
that  other  causes,  independently  of  season,  have  a  share  in  their  pro- 
duction.    In  nearly  all  the  lower  animals  which  were  made  the  sub- 
jects of  experiment,  an  augmentation   of  nitrogen    was  observable    ■ 
during  summer.     Sometimes,  indeed,  it  was  so  slight  that  it  might  be 
disregarded.     But  in  many  other  instances,  it  was  so  great  as  to  plict 
the  fact  beyond  the  possibility  of  doubt ;  and  on  some  occasions,  it 
almost  equalled  the  whole  bulk  of  the  animal.     Such  continued  to    i 
be  the  result  of  his  inquiries  until  the  close  of  October,  when  he  ob-    | 
served  a  aen%M^  dxinvuMtvon  of  nitrogen,  and  the  same  continMil   • 
throughoxil  \Y\e  viVxoX*  ol  ^VciV^t  %xA  ^^\ife\e»swvcL^  of  spring.  1 

There  ate  iwo  mo^e%  <>^^ttw»w<\xv^|^\^\'^vi%fc^$Nx^xv'^^  isfivd*    I 

log  to  one  vieiw ,  VYva  iv\Vt^^<Mv  "wVJvs^v  ^<«i^^^^<«x%  \%  -tA^.^^^^Aj^v^'^ift.'^  N 

sorption  ol  ^Y^ait  n9^%  VtiVv^Xe^^  *!«v^  ^^»  ^^'««^^^^>^^^V'^^^^ 
the  opposite  proceaaes  ol  %\»ot^VxoTx  %xA  «5o3^>iS^.^x>.\«xx^^^^^ 
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not  to  occur  at  the  ttmo  moment.  According  td;  the  other  view, 
both  thoie  processes  are  always  going  on  at  the  satne  time,  and  the 
result  depends  on  the  preponderance  of  one  over  the  other.  When 
the  absorption  prevails,  a  smaller  quantity  of  nitrogen  is  eibaled  than 
waa  inspired ;  when  the  eihalation  exceeds  the  absorption,  an  increase 
of  Dltrogen  takes  place  ;  but  when  the  absorption  and  exhalation  are 
equal,  the  bullc  of  the  inspired  air,  so  far  as  nitrogen  is  concerned, 
dooe  not  undergo  any  change.  The  latter  opinion,  which  is  adopted 
liy  Dr  Edwyds,  is  supported  by  two  decisive  experiments  performed 
1^  Messrs  ^len  and  Pepys,  in  one  of  which  a  guinea-pig  was  confined 
in  a  vessel  oi  oxygen  gas,  and  in  th6  other  in  an  atmosphere  composed 
of  21  measures  of  oxygen  and  79  of  hydrogen.  In  both  cases  the 
raaidual  dr  contained  a  quantity  of  nitrogen  greater  than  the  bulk  of 
tiie  animal  itself;  and  in  the  last  a  portion  of  hydrogen  had  disappeared. 
From  this  it  follows  that  nitrogen  may  be  exhaled  from  the  lungs,  and 
that  hydrogen  may  be  absorbed. 

Two  theories  have  been  proposed  in  order  to  account  for  the  phe- 
nomena of  respiration.  According  to  one  theory,  the  carbonic  acid 
found  in  the  respired  air  is  actually  generated  in  the  lungs  themselves ; 
while,  according  to  the  other,  this  gas  is  thought  to  exist  ready  form- 
ed In  the  blood,  and  to  be  merely  thrown  off  from  that  liquid  during  its 
diatribution  through  the  lungs. 

The  former  theory,  which  appears  to  have  originated  with  Priestley, 
baa  received  several  modifications.  Priestley  imagined  that  the  phe- 
nomena of  respiration  are  owing  to  the  disengagement  of  phlogiston 
from  the  blood,  and  its  combination  with  the  air.  Dr  Crawford  modi- 
fied this  doctrine  in  the  following  manner.  (Crawford  on  Animal 
Heat.)  He  was  of  opinion  that  venous  blood  contains  a  peculiar  com- 
pound of  carbon  and  hydrogen,  termed  hydrocarbon,  the  elements  of 
which  unite  in  the  lungs  with  the  oxygen  of  the  air,  forming  water 
with  the  one,  and  carbonic  acid  with  the  other ;  and  that  the  blood, 
thus  purified,  regains  its  florid  hue,  and  becomes  fit  for  the  purposes 
of  the  animal  economy. 

The  hypothesis  of  Crawford,  however,  is  not  merely  liable  to  the 
objection  that  the  supposed  hydrocarbon,  as  respects  the  blood,  is  quite 
Imaginary,  but  was  found  at  variance  with  the  leading  facts  established 
1^  Messrs  Allen  and  Pepys.  By  the  elaborate  researches  of  these 
dnemists,  it  was  established  that  carbonic  acid  gas  contains  its  own  vo- 
lume of  oxygen  ;  and  they  also  concluded  that  air,  inhaled  into  the  lungs, 
returns  charged  with  a  quantity  of  carbonic  acid,  almost  exactly  equal 
in  bulk  to  the  oxygen  which  disappears,  an  inference  which,  as  ap- 
plied to  man  and  some  of  the  lower  animals,  seems  very  near  the 
truth.  A  review  of  these  circumstances  induced  them  to  adopt  the 
opinion,  that  the  oxygen  of  the  air  combines  in  the  lungs  exclusively 
with  carbon ;  and  that  the  watery  vapour,  which  is  always  contained  in 
the  breath,  is  an  exhalation  from  minute  pulmonary  vessels.  They 
conceived  that  the  fine  animal  membrane  interposed  between  the 
blood  and  the  air  does  not  prevent  chemical  action  from  taking  place 
between  them. 

This  view  has  been  further  modified  by  Mr  Ellis,  who  supposes  that 
the  carbon  is  separated  from  the  venous  blood  by  a  process  of  secre- 
tion, and  that  then,  coming  into  direct  contact  with  oxygen,  it  is  con- 
verted into  carbonic  acid.  (Inquiry,  &c.  Parts  I.  and  II.) 

The  circumstance  which  led  Mr  E\\\a  lo  V)n\a  o^\yv\wi,n?^»^^'S^^- 
Bfffin  the  posaibility  of  oxygen  actinn;  >iv^^  ^^  W^^^  ^\wi^^^ 
aoima/  membrane  in  which  it  ia  con&ne(\.    TVve  «iLv^^m«xv\A  %.^^>\w 
la  proof  of  the  impermeabilUy  of  meinbtaLiiOMtt  ^vXwX^'^^w^  ^\^  '^ 
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AcMcdittg  to  Um  MeMd  diMMy,  wUA  WM  ainMctod  ^  Ia  Gmm 

•dd  geMntoddoriagthteoonfrof  tlM.cirealStloii,li  gifMicfffiMi 
Iho  vmous  blood  la  the  Inogi.  otod  oxfgm  gto  li  obSoibei.  W 
doctrine,  tbough  fMMnlly  ngofdod  Utfaorto  •«  looo  ptobtble  4m  lb 
|MOCOdiDg,bnpportodbjvorvpowoffblorgaiiioiits.   ThffnVnwIwMfc 

■ad oboefTOtloiw  of Dr  Edwaidi  Mom  to  leoTo  no  doidiC  (litttMlM 
nUlo  cticohitlDg  thraoi^  the  lano,  it  eoptblo  of  alioocbiiMMNfli^ 
■toogea,  tad  oxygea  gtooi,  uidr of  omitting  Bitiogeiii7iiiidJMlii 
gone  TOfy  fin  towwdf  proving  thtt  tho  coibonle  o<^  k  daiiotf  i«i 
Om  mio  fomco.  Ob  coofining  frogs  and  »*^\»  for  Man  tei  ta  m 
otOMNmlMro  of  bydrogon,  the  residual  air  was  found  Is  cnMiki 
oauittty  of  eubooie  aeld,- which  was  in  soma  t—^MUff^  effsanntsff 
UMB  the  balk  of  iIm  sniBial ;  and  a  similar  result  wss  obtsMatth 
yooog  Uttens. 

The  eonfined  Omits  of  the  present  worik  do  not  adaiit  of  Mfia- 
taMloB  tato  the  respoetifo  advantages  and  disadvantsges  of  IhM  tm 
theories.  I  Asll  mwih  obsenre,  therofora,  that,  in  Oe  prsnat  ibii 
of  the  taufoliy,  tho  dofieieocy  of  precise  daU  pievants  ths  ortiWin 

mint  of  one  of  them  hi  preference  to  the  other;  bat  that  the  iMBKik 
preponderate  in  favour  of  the  last.  " 

The  conversion  of  venous  into  arterial  blood  appears  not  to  be  cos- 
6ned  to  the  lungs.  The  disengagement  of  carbonic  acid  fiom  tbe 
surface  of  the  skin,  and  the  corresponding  disappearance  of  oxygen 
gas  was  demonstrated  by  the  experiments  of  Jurine  and  Abernei&; 
and  although  the  accuracy  of  their  results  has  been  doubted  by  swe 
persons,  it  has  been  confirmed  by  others.  However  this  miy  beta 
tbe  human  subject,  the  feet  with  respect  to  many  of  the  lower  aniiDili 
is  unquestionable.  Spallanzani  proved  that  some  animals  poflseodi 
of  lungs,  such  asseipents,  lizards,  and  frogs,  produce  the  samecbiMM 
on  the  air  by  means  of  their  skin,  as  by  their  proper  respiratory  oiooi; 
and  Dr  Edwards,  in  a  series  of  masterly  experiments,  has  shown  tW 
this  function  compensates  so  fully  for  the  wrant  of  respiratios  by  tbe 
lungs,  as  to  enable  these  animals,  in  the  winter  season,  to  live  for  «i 
almost  unlimited  period  under  the  surface  of  water. 

Animal  Heat. 

The  striking  analogy  between  the  processes  of  combustion  and  mf  j 

oiraUon,  in  both  of  which  oxygen  gas  disappears,  and  an  oxidiiei  1 

body  is  subsbtuted  for  It,  led  Dr  Black  to  infer  that  the  caloric  eeai'  I 

rated  in  the  animal  system,  by  means  of  which  the  more  perfect*  I 

mals  preserve  their  temperature  above  that  of  tbe  surrounding  mediVi  I 

IS  derived  from  the  changes  going  forward  in  the  lungs.    But  this  ori>  ' 

nion  is  not  founded  on  analogy  alone ;  many  circumstances  cooJa 

fon'i.Ho'!^  ^^?*  ^''^  development  of  animal  heat  is  dependent^ 

fimction  of  respiration,  although  the  mode  by  which  the  efled  if  i 

produced  has  not  hitherto  been  satisfectorily  delermSU.    TtS^  h  il 

ration  and  AnlmaV  KeaX,\s^  \^^*^>»KD^\si'QBAw>&sdts»(n^3^^ 
of  B^nborgh,  ^o\.  \\. 
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all  animals,  whose  respiratory  organs  are  small  and  imperfect,  and 
which,  therefore,  consume  but  a  comparatively  minute  quantity  of  ox- 
ygen, and  generate  little  carbonic  acid,  the  temperature  of  the  blood 
varies  with  that  of  the  medium  in  which  they  live.  In  warm-blooded 
animals^  on  the  contrary,  in  which  the  respiratory  apparatus  is  larger, 
and  the  chemical  changes  more  complicated,  the  temperature  is  almost 
uniform ;  and  those  have  the  highest  temperature  whose  lungs,  in  pro- 
portion to  the  size  of  their  bodies,  are  largest,  and  which  consume  the 
greatest  quantity  of  oxygen.  The  temperature  of  the  same  animal  at 
uififerenf  times  is  connected  with  the  state  of  the  respiration.  When 
the  blood  circulates  sluggishly,  and  the  temperature  is  low,  the  quan- 
tity of  oxygen  consumed  is  comparatively  small ;  but,  on  the  contrary, 
a  large  quantity  of  that  gas  disappears  when  the  circulation  is  brisk, 
and  the  power  of  generating  heat  energetic.  It  has  also  been  ob- 
served, especially  by  Crawford  and  De  Laroche,  that  when  an  animal 
is  placed  in  a  very  warm  atmosphere,  so  as  to  require  little  heat  to  be 
generated  within  his  own  body,  the  consumption  of  oxygen  is  un- 
usually small,  and  the  blood  within  the  veins  retains  the  arterial  cha- 
racter. 

The  connection  between  the  power  of  generating  heat,  and  respira- 
tion has  been  illustrated  in  a  very  pointed  manner  by  Dr  Edwards. 
Some  young  animals,  such  as  puppies  and  kittens,  require  so  small  a 
quantity  of  oxygen  for  supporting  Ufe,  that  they  may  be  deprived  of 
that  gas  altogether  for  twenty  minutes  without  material  injury ;  and  it 
is  remarkable  that  so  long  as  they  possess  this  property,  the  tempera- 
ture of  their  bodies  sinks  rapidly  by  free  exposure  to  the  air.  But  as 
they  grow  older  they  become  able  to  maintain  their  own  tempera- 
ture, and  at  the  same  time  their  power  to  endure  the  privation  of  oxy- 
gen ceases.  The  same  observation  applies  to  young  sparrows,  and 
other  birds  which  are  naked  when  hatched ;  while  young  partridges, 
which  are  both  fledged  and  able  to  retain  their  own  temperature  at 
the  period  of  quitting  the  shell,  die  when  deprived  of  oxygen  as 
rapidly  as  an  adult  bird. 

The  first  consistent  theory  of  the  production  of  animal  heat  was 
proposed  by  Dr  Crawford.     This  theory  was  founded  on  the  assump- 
tion that  the  carbonic  acid  contained  in  the  breath  is  generated  in  the 
lungs,  and  that  its  formation  is  accompanied  with  the  disengagement 
of  caloric.     But  since  the  temperature  of  the  lungs  is  not  higher  than 
that  of  other  internal  organs,  and  arterial  very  little  if  at  all  warmer 
then  venous  blood,  it  follows  that  the  greater  part  of  the  caloric,  in- 
stead of  becoming  free,  must  in  some  way  or  other  be  rendered  insen- 
sible.    Accordingly,  on  comparing  the  specific  caloric  of  arterial  and 
:   venous  blood,  Dr  Crawford  found  the  capacity  of  the  former  to  exceed 
that  of  the  latter  in  the  ratio  of  1030  to  892.     He,  therefore,  inferred 
■    that  the  dark  blood  within  the  veins,  at  the  moment  of  being  artcrializ- 
^  ed,  acquires  an  increase  of  insensible  caloric  ;  and  that  while  circulat- 
I  ilig  through  the  body,  and  gradually  resuming  the  venous  character, 
'   it  suffiirs  a  diminution  of  capacity,  and  evolves  a  [troportional  degree 
'  of  heat. 

Unfortunately  for  the  hypothesis  of  Crawford,  one  of  the  leading 
facts  on  which  it  is  founded  has  been  called  in  question  ;  Dr  Davy 
maintaining,  on  the  authority  of  his  own  experiments,  that  there  is 
little  or  no  difference  between  the  capacities  of  venous  and  arteria^ 
blood.  (Philos.  Trans,  for  1814.)    If  this  be  l\>]Le,  VVv«\v^^^>^<^%YkN 
Beif  DecessarOy  Ms  to  the  ground.    One  ^^iV  ol  ^^  ^c^^vCyoa 
Crawford  may,  however,  in  a  modified  loTm,\)e  a^vW^^  V^  ^^^^dQ» 
of  respiration  adrotated  by  Dr  Edwards.  ¥oi  "^  o^NweixXi^  ^Sc^weo^. 
Tt- 
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lb*  blood  in  iU  piMtge  througli  the  luDf;E.  aod  carbonic  icid,  imdy 
Uutati,  be  emitted  In  reluin,  II  (ollonrs  (hat  thit  gu  mutt  be  ftiaaV 
ed  duiiog  (he  courieof  ibe  circalstJoD;  uid  it  luay  be  iurencd,  ihil  tbe  > 
beat  developed  in  coufequence  of  (hu  chemical  cbsngt,  b  at  once 
cotamuaicilctl  to  the  adjaceot  Drgina,  In  thia  way  (ho  queslioQ  con* 
cemiog  th«  capacity  of  Ihe  blood  Toi  caloric  nay  be  eotirely  diaiegud- 

While  soloe  t't'J*''''^'^'* ''"^  becD  diapo*ed  to  ro  fei  the  leilne  of 
uiltnal  licat  enlirely  to  Ihe  alteraale  chaogea  of  venous  10  uteial, 
and  of  arterial  to  Ti^Qoui  blood ;  otheri  ha*e  denied  its  sgency  iho- 
getber,  atcribuig  the  eTolution  of  caloric  solely  to  the  iofloBnce  ol  it* 
DervoiM  (yiieco.    The  cblef  toundaiioa  (or  ihis  opiDioo  i>mt)ie»' 
paittnoiit*  of  Mr  Brodio,  nho  Inflated  the  lungs  of  anlmaJi  rereoUj 
killed  by  naicolic  polaons  or  diviaion*  of  Ihe  spinal  martoir.  (PtiiL 
Tr*i]>.  lot  1811  ladieiS.)     In  an  an  io  a  I  ao  Iteated,  the  blood  md- 
linu«il  10  cliculale,  the  phenomena  of  arlerialization  took  place  wi'ii 
rcKulaiUy,  oiyifi^n  gai  diaappeiiied,  and  caiboulc  acid  wa>  ercl'"' 
but  natnlthiliDillna  Ihe  coiicuireoce  of  all  these  tlrcumitaDtei, 
lemperatuie  fell  «ri(n  equal  if  Qot  greater  rapidity  than  In  another 
■nil  Itilliid  at  Ihe  lame  time,  but  in  trbjcta  actificlal  teepiralion  mi 
P^oimed. 

Were  theae  eipetimeDta  ritiidlyoiacf,  they  would  lead  to  ibecpmiDii 
that  no  caloric  is  evolved  by  the  mere  process  d(  arlerialiMlioD.  Ilui 
iDretcDco,  however,  canool  bo  sdirillled  lot  (wo  rcaious:— Gn(,  tl^ 
cause  olbei  pbytiologial*.  in  repealing  the  expeiiinentaof  BnhUeihrn 
fouod  lhB(  UiB  proceia  ofcBailag  Is  retarded  by  Rrtificiil  iMrJisliSii; 
end,  secondly,  beeauae  ll  ii  difficult  to  coneeivQ  why  the  farniaiion  oi 
caibanLC  aciJ,  which  uniformly  glvea  liae  to  incroaac  ol'tein(icn1iiie  Id 
other  caaea,  should  not  be  atlendeil,  within  Ihe  animal  body,  vllbi 


In  oppoMliuu  IQ  the  rcsjUa  obUineil  by  Lavoigier  and  Crawfofd,  ftil     . 
a  heaUhy  uoin.al  imparts  lo  tuirniiuiling  bodies  a  ciuaniiiy  of  beal  mo-      j 
sidcrabiy  gcealer  tliao  can  be  sccounted  for  by  the  coinbualloD  Dfll" 
caiboo  IhrowD  off  during  (he  astne  Inlerval  from  (he  Iudbs,  Id  the  fan 
of  carbonic  acid.  (Ann.  de  Ch.  e(  Ph.  ixvi.) 

Though  the  influence  of  Ihe  nervous  syntem  over  the  devekpninl    ' 
of  animal  hea(  Is  no  longer  doubtful,  physiologiBts  are  not  agreeil  H 
to  the  mode  by  which  it  operates.    Its  action  may  either  be  direct «    | 
Indirect ;  that  is,  (he  netvee  may  posaeas  aome  specific  poirei  of  gw- 
eratiog  heat,  or  (hey  may  eicile  certain  operations  by  nrblch  Iheuw    < 
eflecl  is  occasioned,     tt  is  far  from  Improbable,  (hat  (he  nervei  ui 
(Uffte  by  Ihe  latler  than  the  former  mode;  that  the  infinite  Dutnbeta! 
chemical  phenomena  KOlng  on  in  the  minute  arlerial  branches  dnitDC 
(he  proceaaea  of  secretion  and  nulritlun,  proeessea  which  are  snlin^    J 
dependent  on  the  nervous  aysleni,  are  attended  with  diaengagelDNt    , 
of  caloiic.    This   view  baa,  at  least,  been   ably   defended  by  Di 
Williams  in  the  csaay  lo  vrbich  I  have  aUeady  leteired. 
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SECTION  II. 

OJ\r   THE    SECRETED  FLUIDS   8UBSERVIEMT   TO 

DIOESTIOJ>r, 

Saliva.     Pancreatic  and  Gastric  Juices, 

Saliva. — The  saliva  is  a  slightly  viscid  liquor,  secreted  by  the  sali- 
vary glands.  When  mixed  with  distilled  water,  a  flaky  naatter  sub- 
sides, which  is  mucus,  derived  apparently  from  the  lining  membrane 
of  the  mouth.  The  clear  solution,  when  exposed  to  the  agency  of 
galvanism,  yields  a  coagulum,  and  is  hence  inferred  by  Mr  Brands  to 
contain  albumen ;  but  the  quantity  of  this  principle  is  so  very  small 
that  its  piesence  cannot  be  demonstrated  by  any  other  reagent.  The 
greater  part  of  the  animal  matter  remaining  in  the  liquid  is  peculiar  to 
the  saliva,  and  may  be  termed  salivary  fnatier.  It  is  soluble  in  water, 
insoluble  in  alcohol,  and,  when  freed  from  the  accompanying  salts,  is 
not  precipitated  by  subacetate  of  lead,  corrosive  sublimate,  or  infusion 
of  Dut-galls.  The  saliva  likewise  contains  a  small  quantity  of  animal 
matter,  which  is  soluble  both  in  alcohol  and  water,  and  which  is  sup- 
posed by  Tiedemann  and  Gmelin  to  be  osmazome. 

The  solid  contents  of  the  saliva,  according  to  Berzelius,  do  not  ex- 
ceed 7  in  1000  parts,  the  rest  being  water.  From  the  recent  analysis 
of  Tiedemann  and  Gmelin,  the  chief  saline  constituent  is  muriate  of  po- 
tassa  ;  but  several  other  salts,  such  as  the  sulphate,  phosphate,  acetate, 
carbonate,  and  sulphocyanate  of  potassa,  are  likewise  present  in  small 
quantity.  The  saliva  of  the  human  subject,  according  to  the  same 
authority,  contains  very  little  soda.  The  property  which  the  saliva 
possesses  of  striking  a  red  colour  with  a  per-salt  of  iron  is  owing  to 
the  sulphocyanate  of  potassa.  This  salt  exists  also  in  the  saliva  of  the 
sheep;  but  it  has  not  been  found  in  that  of  the  dog.  The  saliva  of 
the  sheep  contains  so  much  carbonate  of  soda,  that  it  eflfervesces  with 
.  acids. 

The  only  known  use  of  the  saliva  is  to  form  a  soft  pulpy  mass  with 
the  food  during  mastication,  so  as  to  reduce  it  into  a  state  fit  for  being 
swallowed  with  facility,  and  for  being  more  readily  acted  on  by  the 
juices  of  the  stomach. 

Concretions  are  sometimes  found  in  the  salivary  glands  and  ducts. 
A  stone  contained  in  the  salivary  gland  of  an  ass  was  found  by  M. 
Caventou  to  contain  91.6  parts  of  carbonate  of  lime,  4.8  of  phosphate 
of  lime,  and  3.6  of  animal  matter.  A  salivary  concretion  of  a  horse 
was  found  by  M.  Henry,  jun.  to  consist  of  carbonate  of  lime  85.52, 
carbonate  of  magnesia  7.56,  phosphate  of  lime  4.40,  and  2.48  of  animal 
matter.  Carbonate  of  lime  is  the  chief  ingredient  of  salivary  con- 
cretions. 

Pancreatic  Juice. — This  fluid  is  commonly  supposed  to  be  analo- 
gous to  the  saliva,  but  it  appears  from  the  analysis  of  Tiedemann  and 
Gmelin  that  it  is  essentially  different.  The  chief  animal  matters  are 
albumen,  and  a  substance  like  curd ;  but  it  also  contains  a  smaH 
quantity  of  salivary  matter  and  osmazome.  \\.  \e\'^^'CA\\V.\ 
owing  to  the  presence  of  free  ac\d,  ^Y\\eYi  \^  wxY^^'a*^^ 
acetic.    Its  salts  are  nearly  the  same  as  V\vo%^  <io\iV^\tk^^\ 
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eieepl  lh*l  Ihe  nilpbocytDic  u:i<l  is  waaling.  Hie  nm  of  ftaU 
tn  *nl>i*>y  imkaonn. 

Oattrie  Juiet. — The  fcBiiiic  juice  collected  Irom  On  eiBmadi  dTb 
mIuuI  killed  wbile  ruling,  ia  a  tiinsparenl  fluid  wUdi  hu  i  bIh 
luW,  and  hu  neilher  an  icii]  not  alkaline  reactioB.  Dnna;  in  p' 
eew  nf  digealleD.  on  lh«  canlraty,  it  ii  found  Lo  be  diAtoct'f  icil, 
Tliui  lr«o  Diuriatie  acid  wis  iletecled  under  ibeie  ebaaatuaea)] 
Dr  Praut*  ia  <he  (toaiach  of  the  rabbit,  hare,  bone,  c*){.  oJ  di[; 
«ad  b»  hu  diKoreiBii  iha  same  acid  io  Ihe  sour  maltei  ^eatim 
Am  (lanarh  of  pecioat  labauiio^  uuder  iodiReBlion,  a  Eiei  wiaiie 
•Inea  tiMB  ceoliiaicd  hj  Mr  Children.  MeiiM 
Giadiu  hat*  obterinl  Ihal  the  secrelion  of  acid 

■■  Ihe  *l<Mnaeh  iec«i«e*  the  slimulua   of  food  _.  —, ^  ..-,. 

Tbli  cRact  li  occuioned,  for  eiainple,  by  the  preseoce  oflBliMa 
or  alher  iDdlgHUble  maiterf;  but  it  is  produced  in  a  ■lillgieawlnm 
by  lubilancca  of  a  MlmuUlinK  nature.  According  lo  IboDtaen' 
■inn,  Iha  acidiijr  ii  owing  lo  the  eecrelion  of  iree  mDriaiie  udtetu 

The  taaiHc  juice  coigulaies  milk,  and  it  is  generally  rapima) " 
produeo  IbU  elTiict  quile  iadepeoilenllf  of  Ihe  preaeiiee  ttiit  tai 
Auoidlag  to  Ilia  experimenU  of  Spallanzani  and  SfeveD^  iiubi^F 
aallaepttc,  not  nalj' preTenling  puirefnclion,  buf  reailetinEiuaibiA 
afloi  It  la  Utnlcd.  Bui  o[  all  the  properliea  of  Ihe  g*)Mc  jiK(.ill 
aolvenl  virtue  li  Ihe  moat  tcniBrkable,  being  that  oq  nhich  i^ak 
Ihe  Gial  atasi!  of  Ihe  eroceis  of  digeallon.  When  the  fonf  fa  am- 
diwed  iulo  Ihe  alomseh,  il  fa  Ibere  inlimalely  mixed  nilh  lfeegt«DC 
jul»,  by  llin  ngeucy  of  nhicb  il  la  dtasolved,  and  coaverted  am  l 
aeni-Huld  mailer  called  chi/mc.  Thai  Ihia  change  is  really  omn;  » 
tba  aolvent  power  of  ibe  gaitric  juice  fully  appears  from  Ihe  reswi:!*" 
of  Spallauzanl,  Keaurnur,  and  Stevens,  In  ihe  expcrimeDU  ol  Di 
Steven),  deiicrilied  In  Ilia  laaugural  Uisaerlaliaa,  Ihe  commaa  uliclti 
of  food  were  enclosed  in  halloir  silver  B[ibef ea  perforaled  nilh  l»H 
and  aflei  reniuming  for  lonie  lime  within   Ihe  stoiuacb,  EDiDpleKll 

S'otecled  from  pteaaurE  and  Irituralion,  the  alimenlary  aubjlancesw 
lunil  to  have  bean  enlirely  disialved.  A  aimilar  effect  tikei  pUa 
when  Qutiillous  mallets,  out  of  iba  body,  are  mixeil  wilh  the  pUac 
(luiJ,  and  IliD  mimure  is  ejpoaed  lo  a  (emperalure  of  100'  Falii,  S« 
great,  indeed,  is  the  solvent  power  of  this  fluid,  that  il  hu  been  bum 
to  diasolve  Ihe  coats  of  the  atoroacb  llsetf;  at  least  Ihe  coirsiUiaiof 
this  organ  somelimea  witnessed  in  persons  who  have  died  suiMnI; 
while  fasting,  and  in  good  beallh,  were  ascribed  by  the  celebnlid 
physiologist,  John  Hunter,  lo  this  cause. 

No  department  of  chemical  physiology  is  more  obscure  than  that  of 
digestion.  There  appears  so  little  conneclioo  belneen  the  propetliu 
and  capiposilion  of  ihe  gastric  juice,  thai  physiologists  are  quile  it  > 
loss  in  ivhal  way  lo  account  for  its  solvent  povrer.  An  attempl  bu 
lately  been  made  by  Tiedemana  and  Gmelin  lo  explain  Ihe  pheaameoi 
on  chemical  principles.  They  ascribe  its  aolvent  aclion  lo  (he  diluti 
murialic  and  acetic  acida,  which  they  maintain  to  be  always  secceled 
during  the  digestive  process,  and  which,  according  lo  their  observjliw, 
arecapableof  dissolving  moat  or  all  of  the  substances  employed  as  foi>J. 
They  have  not  shown,  however,  that  Ihe  gastric  juice  in  ils  oeutnl 
'  **"'"   It  when  OBUlirivied  hu  an  alkali,  is  devoid  of  aolvent  ptoperOM, 
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a  circumstance  which  requires  investigation  before  a  decisive  opinion 
can  be  formed  of  the  accuracy  of  their  views. 

Bile  and  Biliary  Concretions. 

The  bile  is  a  yellow  or  greenish-yellow  coloured  fluid,  of  a  peculiar 
sickening  odour,  and  of  a  taste  at  first  sweet  and  then  bitter,  but 
exceedingly  nauseous.  Its  consistence  is  variable,  being  sometimes 
limpid,  but  more  commonly  viscid  and  ropy.  It  is  rather  denser  than 
water,  and  may  be  mixed  with  that  liquid  in  every  proportion.  It 
contains  a  minute  quantity  of  free  soda,  and  is,  therefore,  slightly  alka- 
line ;  but  owins  to  the  colour  of  the  bile  itself,  its  action  on  test  paper 
is  scarcely  visible. 

Of  the  chemists  who  have  of  late  years  investigated  the  composition 
of  the  bile,  Thenard,  Berzelius,  and  Tiedemann  and  Gmelin  deserve 
particular  mention.  In  an  elaborate  essay  published  in  the  Memoires 
d'Arcueil,  vol.  i.  Thenard  endeavoured  to  show,  that  the  bile  of  the  ox 
consists  of  three  distinct  animal  principles,  a  yellow  colouring  matter, 
a  species  of  resin,  and  a  peculiar  substance,  to  which,  from  its  sweetish- 
bitter  taste,  he  applied  the  name  of  picromel.  According  to  his  analy- 
sis, 800  parts  of  bile  consist  of  water  700  parts,  resin  15,  picromel  69, 
yellow  matter  about  4,  soda  4,  phosphate  of  soda  2,  muriates  of  soda 
and  potassa  3.5,  sulphate  of  soda  0.8,  phosphate  of  lime  and  perhaps 
magnesia  1.2,  and  a  trace  of  the  oxide  of  iron.  He  supposed  the  resin 
to  be  combined  with  the  picromel  and  soda,  and  ascribes  its  solubility 
in  fvater  to  this  cause. 

Berzelius  takes  a  totally  different  view  of  the  constitution  of  the 
bile.  He  denies  that  this  fluid  contains  any  resinous  principle,  and 
regards  the  yellow  matter,  r^in,  and  picromel  of  Thenard,  as  one  and 
tne  same  substance,  to  which  he  applies  the  name  of  biliary  matter, 
(Medico-Chir.  Trans,  vol.  iii.)  Tiedemann  and  Gmelin,  however,  in 
their  recent  work  on  digestion,  admit  the  existence  of  picromel  and 
resin  as  the  chief  constituents  of  bile;  although  it  appears  from  their 
experiments  that  the  substance  described  by  Thenard  as  picromel,  was 
not  pure,  but  contained  a  portion  of  resin.  According  to  the  analysis 
of  these  chemists,  the  bile  of  the  ox  is  a  very  complex  fluid,  consisting 
of  the  following  ingredients: — water  to  the  extent  of  91.5  per  cent;  a 
volatile  odoriferous  principle;  cholesterine ;  resin;  asparagin;  picro- 
mel ;  yellow  colouring  matter;  a  peculiar  azotlzed  substance,  soluble 
in  water  and  alcohol;  a  substance  which  is  soluble  in  hot  alcohol,  but 
insoluble  in  water,  supposed  to  be  gliadine ;  osmazome ;  a  principle 
which  emits  a  urinous  odour  when  heated ;  a  substance  analogous  to 
albumen  or  caseous  matter;  and  mucus.  The  salts  of  the  bile  are  the 
margarate,  oleate,  acetate,  cholatet  bicarbonate,  phosphate,  sulphate, 
and  muriate  of  soda,  together  with  a  little  phosphate  of  lime.  The 
cfiolic  is  a  peculiar  animal  acid,  which  crystallizes  in  needles,  reddens 
litmus  paper,  and  is  distinguished  from  analogous  compounds  by  hav- 
ing a  sweet  taste. 

The  flaky  precipitate  which  is  occasioned  by  adding  acids  to  bile 
from  the  ox,  consists  of  several  substances.  At  flrst  the  caseous  and 
colouring  matters,  along  with  mucus,  are  thrown  down;  and,  after- 
wards, tne  margaric  acid,  and  a  compound  of  picromel  a'"^  "^"'m  with 
the  acid  employed,  are  precipitated.  When  acetate  of  leaf  i*K 

this  fluid,  a  white  precipitate  falls,  which  coiia\aV&  ol  ^ 
combiaed  with  the  phosphoric,  sulpbui'ic,  and  a^vet^ 
gether  with  a  small  quantity  of  the  compoMTid  ol  v^c. 
On  adding  «ubacetate  of  lead  to  the  c\eat  Wamd, «.  c<>^ 
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CM«H.  coDiLding  chiefly  of  picrouiel,  tealn,  tad  oiide  of  leid.  L' 
UiM  compound  la  auipeiHleil  iu  ivalct,  Ibrou);!)  nhicb  t  cuneal  o[  id- 
phaiclleil  hydtogea  gaa  la  trsasDiiltei].  the  aulphurel  d[  lead  ind  Ha 
.  reaiD  aubaiile,  ohili:  tbe  pictomel  lemaioi  in  aolullon.  B;  collecUtf 
■od  drying  (tia  predpitale,  and  digesting  il  in  tlcahol,  the  cealniiilii- 
Mlvpd,  anil  luay  be  oblaiDed  by  evaponlion.  The  aqueoui  Mlutko, 
when  cvtpaiileil,  yields  tba  pictomel  of  Tbenacd  ;  but  secoHiM  w 
TicdcDiino  and  Gmello,  ii  iiill  coniaiiii  a  poilioa  of  resin.  Thediitf 
difficuily.  Indeed,  of  iiicporiag  pure  picrDRiei  arisei  ^ni  iU  leoitntj 
(o  dUtoive  ihe  retio  ;  and  tlie  ooiy  mode  of  BeparatioQ  i>  by  diigitit( 
Ihcm  down  repeatedly  by  meitii  of  lubacetKte  ot  lead.  By  ibli  pn- 
eeu,  Ihe  •(Hnily  ol  tno  pieromel  and  reain  for  each  otbec  i>  gnJuiUr 
iMMDtd,  until  >t  longlb  tlio  aepitatioa  i»  tendered  couiplele. 

Pur*  plciomol  DCcutB  in  opalie  louaded  cryatalliDC  pattkles,  It  nlu- 
bt*  in  ir*l«r  md  ilceliol,  bul  in  inaoluble  in  elhec.  IU  lotle  i>  iwttl 
wtlhoul  any  billeitJeMi  but  II  cannot  be  tegatded  b«  aepemiDrrafit, 
becauie  a  lit|;e  qiiHOIIty  of  ulbogen  enlcn  into  lli  com  posit  lou.  !u 
•i|uroui  ■alulJoii  i>  uol  procipilnlcd  by  acida.  oc  by  the  acelileud 
*uUirflliie  of  lead.  When  dl^eiled  with  Ihe  reeiA  of  llie  biJe,  ■  pi»- 
llan  oF  the  lallec  U  dlaaolTcii^  and  a  aolutioD  ie  obtained,  nbich  liu 
iMtli  a  bit(gr  and  meet  taatc,  and  yield*  a  ptecipilale  witfa  siibiceliU  ' 
of  laad  ind  Iho  aliaiiEcr  acida.  This  ia  the  cooipound  nhlcbauKi 
Ihe  pecullii  tula  ofthobiln, 

Th*  bile  of  the  human  aubjecl  has  not  been  studied  ao  DiiDntcl;  u 
thai  of  Ih*  01,  Aof  ording  lo  Tbeaard,  il  eonaUta,  boaidei  hIk,  sI 
walci,  tolaiirlaj;  malKr,  albumen,  and  a  apeciea  of  reain.  H.  Cbe- 
vallier  he*  aliiee  duleoleil  pieromel,  and  M.  Cliovrcul,  cbaliEierine,  ii 
huiiivit  blloi  «nd  baih  iheae  dbcovories  have  been  confirmed  tiy  ibt 
obMivaiiuni  ofTiedemann  am)  liiiielin. 

The  derange  me  lit  wbicli  takes  place  in  (he  syilem  nhcn  llie  ittn- 
tion  oi  bile  ot  ilt  paieage  into  the  iiilestines  la  arrested.  Is  i  tufficU 
ludlcalloti  ol' Ihe  linpQMuuce  of  this  fluid.  It  acts  at  a  stimulus  lalbt 
iiiicalinul  canal  generally,  auti  pioduces  on  the  cbyms  aome  pccutit 
change,  ivhiclr  I)  e^qenlial  la  its  coDveraron  into  chyle. 

Biliaru  Cihiili.—The  cancreliona  which  are  aomelimes  ratmcd  "> 
till;  Iriii.iii  ..  >ii -^i , .  ]i  <  ]i.nu  been  paitlculatly  exaialaed  by  Fourcr)!, 

Ill' I  '   '     !      rourcioy  found  thai  they  conaial  cbieSyt' 

aji.-..        I  ,.i.    ,  ii-(>mblirig  ipermaceti,  which  he  bislacludiJ 

liiiilr ii.iii'  111    T.j'.jiuciK!  (paRa506;)   and   the  eiperimenli  al 

Tli^L.n.l  K-I..I.  J  Lu  .Liillim  this  view.  According  lo  M.  Cheinn). 
huivi^M'r,  liib.iiy  ciiiiciclians  In  general  are  composed  of  Ihe  yello* 
colDiirmg  titnllcr  el  tbe  bdo  and  choleBterlnB,  the  lallct  predoniinitlii(< 
aii'J  bt'lnfr  suriiPllmi?!  in  a  aisle  of  purity;  aad  I  have  had  frequnl 
o|iponoiiiiies  ol  ealitirylci^  rriysEif  of  ibe  accuracy  of  thia  obsemtioo'. 
Tlie9e  aubslinces  may  easily  be  separated  Irom  each  olber  by  boUitt 
BJcoliol,  which  dissolves  Ihe  cholcsteiineand  leaves  tbe  calouiiog  mV' 
[er;  or  by  digestion  in  dlliile  potassa,  in  which  the  colourioj;  mitleiu 
diasolved,  aiid  tbe  cholealerlne  insoluble. 

n.ill-f  tones  sometirnea  contain  a  porlian  of  inspissated  bile  ;  and  in 
90ir]c  i.ire  irrstarirea  the  choleitciine  is  entirely  nanling. 

Tbe  caDcrclion!  foimd  la  the  gall-bladder  of  the  ox  consist  timts 
entirely  of  the  yellow  biliary  colouring  matter,  which,  fn 
*-       *nd  petmaoence  ot  Va  vlmv,  it  mucb  valued  by  painteta.    Tbif 
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stance  is  readily  distinguished  by  its  yellow  or  bromi  cokrar.  by  in- 
aolubili^r  in  water  and  alcohol,  and  by  being  readfly  dissol?ed  by  a  so- 
lution of  potassa.  Hie  solution  has  at  first  a  yeUowidi-brown  colour, 
which  gradually  acquires  a  green  tint,  and  is  precipitated  in  green 
flocks  by  muriatic  add.  According  to  die  obsenration  of  Tiedemann 
and  Gmelin,  the  colouring  matter  is  influenced  by  the  presence  of 
oxygen  gas.  The  yellowish  precipitate,  occasioned  by  adding  muri- 
atic acid  to  bile,  absorbs  oxygen  by  exposure  to  the  air,  and  its  eoknu 
changes  to  green.  The  action  of  nitric  acid  is  still  more  remaikable. 
By  successive  additions  of  this  acid,  the  tint  of  the  colouring  mat- 
ter may  be  converted  into  green,  blue,  violet,  and  red,  in  the  course 
of  a  few  seconds. 

JSrythrogen.~-Thia  substance  was  discovered  in  1821  by  M.  Bizio 
of  Yeoice,  in  a  peculiar  fluid,  quite  diifereot  from  bile,  which  was  found 
in  the  gall-bladder  of  a  person  who  had  died  of  jaundice.    It  is  of  a 

freen  colour,  transparent,  tasteless,  and  of  the  odour  of  putrid  fish, 
t  is  unctuous  to  the  touch,  may  be  scratched  or  cut  with  facility,  and 
has  a  specific  gravity  of  1.57.  It  does  not  aflfect  the  colour  of  litmus 
or  turmeric  papef.  At  110**  F.  it  fuses,  having  the  appearance  of  oil, 
and  crystallizes  when  slowly  cooled ;  and  at  122"  F.  it  rises  in  the 
form  of  vapour.  It  is  insoluble  in  water  and  ether,  but  is  dissolved 
readily  by  hot  alcohol ;  and  the  solution,  by  partial  evaporation  and 
cooling,  yields  crystals  in  the  form  of  rhomboidal  parallelopipedons. 

When  erythrogen  is  put  into  nitric  acid  of  the  temperature  of  about 
120°  or  140°  Fahr.  its  green  tint  disappears,  effervescence,  owing  to 
the  escape  of  oxygen  gas,  ensues,  and  the  solution  acquires  a  deep 
purple  colour.  A  similar  phenomenon  takes  place,  with  disengage- 
ment of  hydrogen  gas,  when  erythrogen  is  digested  in  a  solution  of 
ammonia ;  and  when  volatilized  in  the  open  air,  it  yields  a  purple 
coloured  vapour.  M.  Bizio  is  of  opinion  that  the  erythrogen,  under 
all  these  circumstances,  unites  with  nitrogen,  and  that  the  product  is 
identical  with  the  colouring  matter  of  the  blood.  The  production  of 
the  red  compound  is  characteristic  of  erythrogen,  and  suggested  the 
name  by  which  this  substance  is  designated  (Egu&goe,  ruber*) 
(Journal  of  Science,  voir xvi.) 

Erythrogen  has  not  been  discovered  either  in  bile  or  in  any  of  the 
animal  fluids. 


SECTION  III. 

CHYLE,    MILK,    EGGS. 

Chyle. — The  fluid  absorbed  by  the  lacteal  vessels  from  the  small 
intestines  during  the  process  of  digestion,  is  known  by  the  name  of 
chyle.    Its  appearance  varies  in  different  animals ;  but  as  collected 

'  from  the  thoracic  duct  of  a  mammiferous  animal  three  or  four  hours 
after  a  meal,  it  is  a  white  opake  fluid  like  milk,  having  a  sweetish  and 
slightly  saline  taste.  In  a  few  minutes  after  removal  from  the  duct,  it 
becomes  solid,  and  in  the  course  of  twenty-four  hours  8ep<'»*'^  into 
a  firm  coagulum,  and  a  limpid  liquid^  which  may  be  call 
of  the  chyle.    The  coagulum  U  an  o^aVe  ^YkVXA  «x^M^9KDR 

pink  hue,  JnMluble  in  wataT»  bal  aoViYAa  «%«\^  V^^ 


0:24  -^lilk. 

BlkiJioe  carbonatei,  Vaaquelio*  [eE;ards  it  as  fibrin  in  an  impErfeo 
»ttle.  01  u  inleriaeiliate  bclweea  Ihac  pimciple  aor]  albumcDi  lot 
H(  Bnndct  consideiB  it  moie  closely  allied  to  ihe  caseDUi  matlei  d( 
milk  tlian  to  &briu. 

Tba  seiuio  of  chyle  h  reudered  turbiil  by  heat,  and  a  ten  Bitei  oi 
tlbumeD  »IB  deposited  ;  but  when  boiled  aflet  being  miied  iiilh  swdi 
kcid,  &  capioui  pceclptUliOD  ensues.  To  Ihis  »ubataDce,iTbiihlhgi 
dlffecB  elif;hl1y  Iram  ilbuniEO,  Dr  Proul  has  applied  Ihe  Duoe  of  nu^- 
ient  albumen.  The  lame  chemist  has  made  a  coinparsiive  a^fa 
or  the  chyle  of  Ino  does,  one  of  nhlch  naa  fed  on  animil  >d<'  ' 
olbet  on  mgetoble  »uEistBiice»,  and  the  result  of  his  inquiry  is  j 
lowi : — (Anaall  ofPhiloi.  vol,  liil.  p.  25.) 

fegelablt  Asiml 
Food.      Fosi. 

Ifiter 9S,6       89.3' 

Fibrin 0.6         aa 

Incipteol  iJbumeiif  ....  4.6         1.7 

AlbunieD,  with  «  little  rail  colouiiDg  matter,  0.]         ij 

Suiar  of  milk  f a  (race 

Oily  matter a  tiace     atitn 

Saline  matter*, O.S         0,T 

100.0      IM.0 
.W;;*— Thii  well  bnown  fluiJ,  secreted  by  the  fa  males  of  Ihe  dis> 


mammalia  toe  the  aouruhnienl  of  thr 


r  young,  i 


tioci  pari!,  ibe  cteam,  curd,  and  nhey,  inlo  which  by  repoja  it  soon- 
iaaeoujiy  sepitatea.  The  cream,  which  collects  upoa  its  siir&«,ij 
an  uncluous.  yell owhh- white  opake  fluid,  of  ao  agreeable  flawo. 
According  lo  Beizelius,  100  parts  of  cream,  of  specific  gravity  1 OM). 
coDiiBl  of  bullet  4.5,  caseous  matter  3.S,  and  whey  92.  By  ipHliiin, 
as  in  the  process  of  churning,  Ihe  butter  asauniea  the  solid  fono,  uJ 
is  thus  obtained  iu  a  sepaiale  stale.  During  the  opeiilion  there  a  a 
increase  of  leinperntuie  amounting  to  aboul  three  or  four  de'resi, 
oiygen  jp"  ia  absorbed,  and  an  acid  is  geoerated  ;  but  the  absor 
of  oiygen  cannot  be  an  esseoUal  part  of  Ihe  process,  since  b 
rosy  be  obtained,  by  churning,  even  when  atmospheric  air  is  enl 
excluded. 

After  the  cream  has  separaled  spontaneously,  the  milk  aoon  beconei 
Bour,  and  gradually  separates  into  a  solid  coagulum  called  curd,  odJ  i 
limpid  Quid  which  is  whey.  This  coagulation  ia  occaslaned  byfree 
acetic  acid,  and  11  may  be  produced  at  pleasure  eilher  bv  adJlDei 
free  acid,  or  by  means  of  the  fluid  known  by  (he  name  of  rtanel. 
which  is  inade  hy  infusing  the  inner  coal  of  a  calPs  slomach  in  hot 
water.  When  an  acid  is  employed,  the  curd  is  found  lo  contain  some 
of  it  in  combination,  and  may,  iheterore,  be  regarded  as  an  insolable 
compound  of  an  acid  with  the  caseous  mailer  of  milk;  but  no!M[)( 
certain  la  known  respecting  the  mode  by  which  the  gaslrio  fluid,  iht 
acnvB  principle  of  rennet,  produces  its  efiecl. 

fromfi,'"";'  "V''™"?'"''  '""<■*  by  means  of  rennet,  aod  sepanteJ 
irom  the  wliey  by  washing  with  vFBler.  is  caetou*  matter,  at  the  baw 
ri5?.!t?J>""}"=l^.^™^'T;J^^.>?>^^.in'ieidJnodora 
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monia.  By  alcohol  it  is  converted,  lilce  albumen  and  fibrin,  into  an 
mdipodrous  substance  of  a  fetid  odour ;  and,  liice  the  same  substances, 
it  Diay  be  dissolved  by  a  sufficient  quantity  of  acetic  acid. 

Caseous  matter  has  considerable  analogy  to  albumen,  especially  in 
being  coaeulated  by  acids.  It  is  not  coagulated,  however,  by  heat ; 
although  the  tendency  to  undergo  this  change  is  indicated  by  the  film 
which  forms  upon  the  surface  of  heated  milk,  an  effect  apparently  con- 
nected with  exposure  to  the  air.  It  differs  also  from  albumen  in  the 
nmtore  of  the  spontaneous  changes  to  which  it  is  subject.  When  kept 
hi  a  moist  state,  it  undergoes  a  species  of  fermentation  precisely  anal- 
ogous to  that  experienced  by  gluten  under  the  same  circumstances. 
(Page  477.) 

The  accuracy  of  the  remarks  made  by  Proust  concerning  the  caseous 
oxide  and  caseic  acid,  has  been  questioned  by  M.  Braconnot.  (Edinb. 
Journal  of  Science,  No.  xvi.  369.)  The  latter  states  that  the  curd  from 
spontaneously  coagulated  skim-milk,  covered  with  water,  and  kept  at 
a  temperature  of  about  75°  F.  underwent  complete  putrefaction  in  the 
apace  of  a  month.  The  soluble  parts  were  then  filtered,  and  by  eva- 
poration yielded  a  product  of  a  very  fetid  odour,  acetate  of  ammonia, 
and  acetic  acid.  The  residue,  after  being  reduced  to  the  consistence 
of  syrup,  concreted  on  cooling  into  a  granulated  reddish  mass  like 
honey,  but  of  a  saline  bitter  taste,  and  was  separated  by  the  action  of 
alcohol  into  two  parts,  one  soluble  and  the  other  insoluble.  The  for- 
mer is  the  caseate  of  ammonia  of  Proust,  and  the  latter,  his  caseous 
oxide. 

Id  order  to  obtain  caseous  oxide  quite  pure,  it  must  be  washed 
carefully  with  alcohol,  treated  with  animal  charcoal,  and  dissolved  re- 
peatedly in  boiling  water,  from  which  it  is  separated  by  evaporation. 
In  this  state  it  is  a  beautiful  white  powder,  inodorous,  and  of  a  slight 
hitter  taste.  It  is  heavier  than  water,  and  soluble  in  14  parts  of  that 
fluid  at  72'  F.  On  allowing  the  solution  to  evaporate  spontaneously, 
it  crystallizes  either  in  the  form  of  elegant  dendritic  ramifications,  or 
in  rings  composed  of  delicate  acicular  crystals  of  a  silky  lustre. 

Caseous  oxide  is  almost  entirely  insoluble  even  in  boiling  alcohol. 
Its  aqueous  solution  yields  a  white  flaky  precipitate  with  infusion  of 
gall-Duts,  soluble  in  excess  of  the  precipitant ;  and  subacetate  of  lead 
Iwewise  throws  down  a  white  precipitate.  The  crystals,  if  suddenly 
heated,  volatilize  without  change ;  but  if  the  heat  is  grs^dually  raised, 
decomposition  ensues,  and  a  large  quantity  of  the  carbonate  and  hy- 
drosulphate  of  ammonia  is  generated.  When  strongly  heated  in  open 
vessels,  it  takes  fire,  and  burns  with  flame  without  residue. 

The  composition  of  caseous  oxide  has  not  been  determined,  but 
from  the  facility  with  which  its  aqueous  solution  putrefies,  M.  Bracon- 
not regards  it  as  a  highly  azotized  animal  principle.  It  contains  sul- 
phur also.  He  believes  it  to  be  a  product  of  the  putrefaction  of  all  animal 
substances,  and  proposes  for  it  the  name  of  aposepedine,  from  atto 
and  a-itviSm,  result  of  putrefaction,  as  more  appropriate  than  caseous 

oxide. 

M.  Braconnot  denies  the  existence  of  caseic  acid.  Proust's 
caseate  of  ammonia  consists  of  various  substances,  such  as  free  acetic 
acid,  aposepedine,  animal  matter,  resin,  several  salts,  and  a  yellow  pun- 
gent oil,  which  is  the  chief  cause  of  the  pungency  of  old  cheese. 

From  750  parts  of  curd  completely  p\iUQU<^  yj^x^  Kjti.\sl\ti^\^5^  ^^ 
dry  matter  insoluble  in  water.    These   coiiaVaV^^  ol  WSft^  Y*^\\a  ^^ 

margarato  of  lime,  2.57  of  margarlc  ac\d»  «iiid  \^.^\  cil^A^vi  "wix^^^^ 

ainiag  margaric  acid  and  a  brown  amma\  maVXAt. 
According  to  the  analysis  of  Gay-Li\iBB3kC  wv^  TIVvccax^>'^'^^  "^"^^ 
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(tie  caseouB  niatleT  ace  compoaed  of  carbon  G9.T81,  hydrageo  I.Qi, 
aiygea  11.409,  and  niuogen  21.381.  It  yields  by  uiciaentloa  i 
■bile  >9h,  amouming  to  6.S  pei  cent  ofiU  ireigbt,  ibe  grealer  pailot 
■blch  is  phoaphile  of  lime,  a  circuma lance  which  reuden  casegu) 
inittci  an  article  of  food  peculiarly  proper  for  youDg  animals. 

Milk  carefully  depdvcd  afils  cceam  has  a  specilic  gisvily  odlnDl 
1.0(3  ;  aod  1000  parla  ol  it,  according  lo  Beiielius,  are  thus  conali- 
tuled ;— naiei  tl23.T6 ;  caacoul  mallet  nilh  a  tiace  orbullei23 ;  9U^  el 
milk  35;  muriate  and  pbo^phalf  of  polisaa  1.95  ;  lactic  (acetic)  tciJ, 
acetale  ol  polaaia,  ud  a  (race  of  lactate  of  iron  6 ;  and  earthy  pbi» 
phatea  0,30.  Subtracting  ilie  caseoua  mailer,  the  [emainiig  sulv 
■lances  coaatilute  whey. 

Eggt. — Tbe  campodtioo  oF  the  recent  egg  and  the  chanEO  wbidi 
it  uiidergaes  during  Ihe  procees  afincitbatioo,  have  beeaaUy  iuvesD- 
(tiited  by  Dr  Prout.  [Phil.  Trans.  Tor  IS22.)  Neiv-Uid  eggs  are  raihei 
faenviei  than  water ;  but  they  become  lighter  ilWr  a  time,  lu  conw- 
queace  ol  water  evapoiatint;  through  the  pores  of  Ihe  shell,  aad  lii 
being  substituted  far  it.  An  egg  of  ordinary  size  yields  lo  bolli;i{ 
water  aboul  Ihtee-tenlbs  of  a  grain  of  saline  matter,  consisliue  of  (be 
nilphales,  carbonates,  and  pbosphalea  of  lime  and  magnesia,  Imetbli 
with  animal  mailer  and  a  little  free  alkali. 

Of  an  egg  which  weighs  lOOO  grains,  the  <ihell  constimies  1M.9, 
the  white  601.2,  and  lbs  yelk  283 .9  gcaioa.  The  shell  catitaias  ibwl 
Iwo  pet  cenl  of  animal  matter,  one  pet  cent  of  the  pbosphilw  of 
lime  and  magnesia,  and  the  residue  is  cathonate  of  lime  with  a  lid'o 
laibaaatE  of  inagnesia. 

Wheu  theyelii  of  a  hard  boiled  egg  is  tepeatedly  digested  In  alcobol 
of  specific  gtavilyO.807,  until  thai  fluid  comes  offcolourless,  there  te- 
Tuaiosa  white  pulverulent  tea  iduum,  piiKsesaed  of  many  of  tho  ptaper- 
ties  of  albumen,  but  distinguished  f[om  iltit  principle  by  ceataiaiiig 
a  ia^e  quantity  of  phogpborua  in  some  -jibnon'o  stale  orcombinlboo. 
The  alcoholic  solnlion  is  at  a  deep  yellow  colour,  and  on  coolisj  i«- 
posllei  cryttals  of  a  sebaceous  matter,  and  a  portion  of  yellow  semi- 
fluid oil.  On  disUllIng  off  the  alcohol,  the  oil  is  left  in  a  sepinti 
■Ute.  When  the  yelk  ia  dried  and  burned,  the  phosphorus  iscoO' 
variedlnlophoBphoricacid,  which,  melting  into  a  glass  upon  ibem- 
faee  ol  the  charcoal,  protects  it  from  complGle  combustion.  U  tbi 
while  of  the  egg,  which  consists  chiefly  of  albumen,  sulphur  is  pt- 

The  Qbfioua  use  of  the  phosphorus  contained  in  the  yelk  ii  » 
aupply  phosphoric  acid  for  forming  Ihe  bones  of  Ihe  chick;  bulBi 
Pfout  was  unable  lo  discovat  any  source  of  the  lime,  with  which  dW 
acid  unites  to  form  the  earthy  pari  of  bono.  It  cannot  be  dlseoTeredfli 
Ihe  Hoft  pans  of  tbe  egg;  and  hilherlo  no  casci 
been  traced  belweeo  the  chick  and  its  shell. 
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during  health,  but  colleett  abundantly  in  some  dropsical  affections. 
Mr  Brande  collected  it  from  the  thoracic  duct  of  an  animal  which  had 
been  kept  without  food  for  twenty-four  hours.  Its  chief  constituent  ii 
water,  besides  which  it  contains  muriate  of  soda  and  albumen,  the  la^ 
ter  being  in  such  minute  quantity  that  it  is  coagulated  only  by  the  ae» 
tion  of  galvanism.  Lymph  does  not  affect  the  colour  of  test  paper ; 
but  when  evaporated  to  dryness,  the  residue  gives  a  green  tint  to  the 
syrup  of  violets. 

The  fluid  secreted  by  the  serous  membranes  in  general,  such  as  the 
pericardium,  pleura,  and  peritoneum,  is  very  simuar  to  lymph.  Ao- 
cording  to  Dr  Bostock,  100  parts  of  the  liquid  of  the  pericardium  con- 
sist of  water  92  parts,  albumen  5.5,  mucus  2,  muriate  of  soda  0.5. 
The  serous  fluid  exhaled  within  the  ventricles  of  the  brain  in  hydro^ 
eephalus  intemua  is  composed,  in  1000  parts,  of  water  988.3,  albu- 
men 1.66,  muriate  of  potassa  and  soda  7.09,  lactate  (acetate)  of  soda 
sod  its  animal  matter  2.82,  soda  0.28,  and  animal  matter  soluble  only 
in  water,  with  a  trace  of  phosphates,  0.35.  (Berzelius,  in  Medico-Cbir. 
Trans,  vol.  iii.  p.  252.) 

The  liquor  of  the  amnios,  or  the  fluid  contained  in  the  membrane 
which  surrounds  the  fatus  in  utero,  differs  in  different  animals. 
That  of  the  human  female  was  found  by  Yauquelio  and  Buniva  to  con- 
tain a  small  quantity  of  albumen,  soda,  muriate  of  soda,  phosphate  and 
carbonate  of  lime,  and  a  matter  like  curd,  which  gives  it  a  milky  ap- 
pearance. That  of  the  cow,  according  to  the  same  authority,  con- 
tains the  substance  already  described  under  the  name  of  amniotic 
acid ;  but  several  other  chemists,  such  as  Prout,  Dulong  and  Labillar- 
di^re,  and  Lassaigne  have  been  unable  to  detect  it.  M.  Lassaigne 
states,  that  this  acid  exists  in  the  fluid  of  the  allantois  of  the  cow.  Di 
Prout  found  some  sugar  of  milk  in  the  amnios  of  a  woman.  (Ann.  of 
Phil.  vol.  V.  p.  417.) 

Humours  of  the  Eye. — The  aqueous  and  vitreous  humours  of  the 
eye  contain  rather  more  than  80  per  cent  of  water.  The  other  con* 
stituents  are  a  small  quantity  of  albumen,  muriate  and  acetate  of  soda, 
pure  soda,  though  scarcely  sufficient  to  affect  the  colour  of  test  pa* 
per,  and  animal  matter  soluble  only  in  water,  but  which  is  not  gelatin. 
(BerzeUus.)  The  crystalline  lens,  besides  the  usual  salts,  contains 
86  per  cent  of  a  peculiar  animal  matter,  very  analogous  to  albumen  if 
not  identical  with  it.  In  cold  water  it  is  soluble,  but  is  coagulated  by 
boiling.  The  coagulum,  according  to  Berzelius,  has  all  the  proper- 
ties of  the  colouriog  matter  of  the  blood  excepting  its  colour. 

The  tears  are  limpid  and  of  a  saline  taste,  dissolve  freely  in  water, 
and,  owing  to  the  presence  of  free  soda,  communicate  a  green  tint  to 
the  blue  infusion  of  violets.  Their  chief  salts  are  the  muriate  and  phos* 
phate  of  soda.  According  to  Fourcroy  and  Vauquelin,  the  animal 
matter  of  the  tears  is  mucus ;  but  it  is  more  probably  either  albumen,  or 
some  analogous  principle.  Its  precise  nature  has  not  however  been 
satisfactorily  determined. 

Mueu$, — The  term  mueiu  has  l)een  employed  in  very  different 
significations.  Dr  Bostock  applies  it  to  a  peculiar  animal  matter 
which  is  soluble  both  in  hot  and  cold  water,  is  not  precipitated  by  cor- 
rosive sublimate  or  solution  of  tannin,  is  not  capable  of  forming  a  jelly, 
and  which  yields  a  precipitate  with  subacetate  of  lead. 

The  existence  of  this  principle  has  not,  howevet^V:i^«iiSN2!^  ^%>ak^ 

Jisbed ;  for  the  presence  of  muriatic  and  pYmavYkotve  ^t\^%,^^\»NN«i  ^ 

which  IB  fnqaenay.  contained  in  anlmai  £Lu\^a,  Wi^  ^^  \o\is\"w  ^^'^'^^ 

over  •bwent,  sudScJeotly  accounts  lot  the"  v^®^^^^^*^^^  oc.«m\w«A> 

hem  by  the  aMlte  oi  lead  or  silver.     Bui  w«u  axk^V^^^^^^  '^^^ 
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of  Dr  Bostock  to  be  conect,  it  would  be  advisable  to  give  some  new 
name  to  his  principle,  and  apply  the  term  mucus  solely  to  the  fl^ 
secreted  by  mucous  surfaces. 

The  properties  of  mucus  vary  somewhat  according  to  the  somte 
from  which  it  is  derived ;  but  its  leading  characters  are  in  all  cases  the 
same,  and  are  best  exemplified  in  mucus  from  the  nostrils.  Nasal 
mucuK,  according  to  Berzelius,  has  the  following  properties.  Im* 
rnerscd  in  water,  it  imbibes  so  much  of  that  fluid  as  to  become  trans* 
parent,  with  the  exception  of  a  few  particles  which  remain  opike. 
\Vhuu  dried  on  blotting  paper,  it  loses  its  transparency,  but  acinic* 
quires  ii  when  moistened.  It  is  not  coagulated  or  rendered  homy  by 
beiiij;  lioilfd  in  water;  but  as  soon  as  the  ebullition  has  ceased,  it  col* 
Ifcts  uiichantiL'iI  at  the  bottom  of  the  vessel.  It  is  dissolved  by  dilute 
j!iul|}liuric  acid.  Nitric  acid  at  first  coagulates  it;  but  by  continued 
di^f«iion,  the  mucus  at  firtit  softens  and  is  finally  dissolved,  formiog 
a  rlf:ir  yclluw  lu|iiid.  Acetic  acid  hardens  mucus,  and  does  not  dis- 
fiolvf  it  L'vcn  at  a  boiling  temperature.  Pure  potassa  at  first  lenders  it 
iiioro  viscid,  litit  alterwiiids  di^polvps  it.  By  tannin,  mucus  is  coagu- 
lated, biiili  when  jiottcncd  by  the  absorption  of  water,  and  whendU* 
soIvim]  i-iihcr  in  an  acid  or  an  alkali. 

i'lu. — rurulvnt  matter  is  the  fluid  secreted  by  an  inflamed  and 
ulroratLMl  Miitace.  Its  properties  vary  according  to  the  nature  of  the  | 
Hciic  fiom  which  it  in  discharged.  The  purulent  matter  formed  byw 
iit-roiidiiiom'd  iilcei  is  a  thin,  transparent,  acrid,  fetid  ichor;  whereasi 
hiMlsii;;  .''oru  in  a  sound  constitution  yields  a  yellowish-white  coloured 
li«]iiid.  ol  tbf  runsixtonce  of  creum,  which  is  described  as  bland,  opake, 
.iimI  iiiD'loiotJ*.  Tills  is  tiMiiM-d  licdlihy  pus,  and  is  posseted  of  the 
f.ill.jwin-  ii()|M'ififs.  Though  it  !i|)|u,Mrs  ho!uo:;eneoijs  to  the  naked 
r>r.  wlirri  .xaiiiicird  with  the  iniriosco|,c,  it  is  found  to  consist  of 
iiiiiiuiir  ulu!,ulr^  lloalinj;  in  ii  lnui-pnivnt  liqiii.l.  Jts  specitic  cravi'y  * 
I**  ■A.n\\{  l.ii;;.  It  is  in-olubh;  in  wutt-r;  and  is  thickened,  but  ifot  dis- 
^olvl^l  l.y  ..Icohul.  When  recent  it  does  not  nftcct  the  colour  of  tes: 
|Mj)er;  but  by  exi)OMirc  to  the  air,  it  becomes  acid.  The  dilute  acids 
h.ive  little  ellerl  upon  ji;  but  .Mionjr  sulphuric,  niliic,  anil  niuiialic 
uri.is  dissolve  it,  and  the  pus  in  thrown  down  by  dilution  with  water. 
Ariimoni.j  ledures  it  to  a  tran«.p.»rent  jelly,  and  (gradually  (li«olvcsi 
run<ideial)le  portion  of  it.  With  the  fixed  alkalies,  it  foiins  a  whitish 
lopy  lluid,  wbieb  is  deconiposfd  by  w.iter.  '■ 

'llie  composition  of  pus  has  not  been  ascertained  with  precision:     , 
but  its  cbaiacteiistic  inj^redient  is  more  closely  allied  to  albumen  than 
tlie  other  annual  piinciples. 

Seveial  attempts  have  been  made  to  discover  a  chemical  te?l  for 

distinsnisbinj;  pu>  from  Uiucus.     When  these  fluids  are  in  their  natural    > 

slate,  the  appeaiance  of  each  is  so  characteristic  that  the  distinctioD 

caniiot  be  attended  with  any  dilficully  ;  but,  on   the  contrary,  when  a 

mucous  suiface  is  inflamed,   its   secretion   becomes    opake,  and,  as 

sometime*  !iai)pens  in  some  pulmonary  diseases,  acquires  more  or  less 

of  the  aspect  of  pus.     Mr  Charles  Darwin,  who  examined  this  subject,     • 

pointed  out  three  gjrounds  of  distinction  between  them.     1.  When  the 

solution  of  these  liquids  in  sulphuric  acid  is  diluted,  the  pus  subsides 

to  the   bottom,   and    the   mucus   remains   suspended    in    the  water. 

2.    When  pus  and  catarrhal  mucus  are  diffused  through  water,  the 

former  sinks,  and  the  latter  floats.     3.  Pus  is  precipitated  from  its  so- 

IntloQ  in  polaaaa  b^  n^^v^t,  viVvvXt  >^\fe  *^A\\Vvi\\  <iC  uiucus  is  not  decom- 
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of  water,  is  mixed  with  an  equal  quantity  of  a  saturated  solution  of  the 
carbonate  of  potassa.  If  it  contain  pus,  a  transparent  jelly  forms  in  a 
few  hours ;  but  this  does  not  happen  if  mucus  only  is  present.  Dr 
Young,  in  his  work  on  Consumptive  Diseases,  has  given  a  very  ele- 

gint  character  for  distinguishing  pus,  founded  on  its  optical  properties. 
at  the  practical  utility  of  tests  of  any  kind  is  rendered  very  question- 
able by  the  fact,  that  inflamed  mucous  membranes  may  secrete  gen- 
uuie  pus  without  breach  of  surface,  and  that  the  natural  passes  into 
purulent  secretion  by  insensible  shades. 

Sweat. — Watery  vapour  is  continually  passing  off  by  the  skin  in  the 
form  of  insensible  perspiration ;  but  when  the  external  heat  is  consid- 
erable, or  violent  bodily  exercise  is  taken,  drops  of  fluid  collect  upon 
the  iurface,  and  constitute  what  is  called  sweat.  This  fluid  consists 
chiefly  of  water ;  but  it  contains  some  muriate  of  soda  and  free  acetic 
acid,  in  consequence  of  which  it  has  a  saline  taste  and  an  acid  reaction. 


SECTION  V. 

OJ)r  THE  URIJVE  AJ^D  URIJ^TARY  COJ^CRETIOJ^TS, 

The  urine  differs  from  most  of  the  animal  fluids  which  have  been 
described  by  not  serving  any  ulterior  purpose  in  the  animal  economy. 
It  is  merely  an  excretion  designed  for  ejecting  from  the  system  sub- 
stances, which,  by  their  accumulation  within  the  body,  would 
speedily  prove  fatal  to  health  and  life.  The  sole  office  of  the  kidneys, 
indeed,  appears  to  consist  in  separating  from  the  blood  the  superflu- 
ous matters  that  are  not  required  or  adapted  for  nutrition,  or  which  have 
aUeady  formed  part  of  the  body,  and  been  removed  by  absorption. 
The  substances  which  in  particular  pass  off  by  this  organ  are  nitro- 
gen, in  the  form  of  highly  azotized  products,  and  various  saline  and 
earthy  compounds.  This  sufficiently  accounts  for  the  great  diversity 
of  different  substances  contained  in  ihe  urine. 

The  quantity  of  the  urine  is  affected  by  various  causes,  especially 
by  the  nature  and  quantity  of  the  liquids  received  into  the  stomach ; 
but  OB  an  average  a  healthy  person  voids  between  thirty  and  forty 
ounces  daily.  The  quality  of  this  fluid  is  likewise  influenced  by  the 
same  circumstances,  being  sometimes  in  a  very  dilute  state,  and  at 
others  highly  concentrated.  The  urine  voided  in  the  morning  by  a 
person  who  has  fed  heartily,  and  taken  no  more  fluids  than  is  suffi- 
cient for  satisfying  thirst,  may  be  regarded  as  affording  the  best  spe- 
cimen of  natural  healthy  urine. 

The  urine  in  this  state  is  a  transpaient  limpid  fluid  of  an  amber 
colour,  having  a  saline  taste,  and  while  warm   emitting  an  odour 
which  is  slightly  aromatic,  and  not  at  all  disagreeable.     Its  specific 
gravity  in  its  most  concentrated  form,  is  about  1.030.     It  gives  a  red 
tint  to  litmus  paper,  a  circumstance  which  indicates  the   presence 
either  of  a  free  acid  or  of  a  super-salt.     Though  at  first  quite  transpa- 
rent, an  insoluble  matter  is  deposited  on  standing;  so  that  \»vcw^% 
voided  at  night  is  found  to  have  a  light  c\oud  ^o^\\u^Vcv  \V>o^  "^^  V^* 
lowing  morning.     This  substance  consisls  m  v^xX.  ol  ikn^ows  ^^«vsv  ^^ 
urinary  passages,  and  partly  of  tlie  supetxicale  o^  ^tu\»Q\i\*^» '^'^^^^ '^^ 
tnueh  more  aoluble  in  warm  than  in  co\d  wal^f .  ^  ,  ,a^>_ 

The  urine'  is  very  prone  to  sponlaneoua  ^^eoiftv^^'^^'^^^' 
U  u 
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kept  for  two  oc  three  days,  it  acquires  a  strong  orioous  smell ;  and  as 
the  patrefactioD  proceeds,  the  disagreeable  odour  increaset,  uotil  il 
length  it  tiecomes  exceedingly  oflTeusive.  As  soon  as  these  cliaDfrefl 
conuneiice,  the  urine  ceases  to  have  an  acid  reaction,  and  the  earthy 
phosphates  are  deposited.  In  a  short  time,  a  free  alkali  makes  its 
appearance,  and  a  large  quantity  of  carbonate  of  ammonia  is  gradoally 
generated.  Similar  changes  may  be  produced  in  recent  urine  by 
continued  boiling.  In  both  cases  the  phenomena  are  owing  to  the 
decomposition  oturea,  which  is  almost  entirely  resolved  into  cart)oo- 
ate  of  ammonia. 

The  composition  of  the  urine  has  been  studied  by  several  chesustf, 
but  the  most  recent  and  elaborate  analysis  of  this  fluid  is  by  Berze* 
lius.  According  to  the  researches,  of  this  indefatigable  cheniist,  JOOO 
parts  of  urine  are  composed  of 

Water.            ......  933.00 

Urea,              ......  30.10 

Uric  acid,       ......  1.00 

Free  lactic  acid,  lactate  of  ammonia,  and  animal  matter  not 

separable  from  them,           ....  17.14 

Mucus  of  the  bladder,             ....  0.33 

Sulphate  of  potassa,                ....  3.71 

Sulphate  of  soda,        .....  8.16 

Phosphate  of  fioda,                 ....  2.94 

Phosphate  of  ammonia,          ....  1.65 

Muriate  of  soJa,         .....  4.45 

Muriate  of  aniiiionia»               ....  1.50 

Kaitliy  niatteis,  with  a  trace  of  fluate  of  lime,          .  100 

btliceuus  t'arlli,           ....              .  003 

RcsiiU'S  the  ingredients  included  in  the  preceding  list,  (he  urioe 
contains  several  other  substances  in  small  quantity.  From  the  pro* 
perty  this  tluid  possesses  ot  blackening  silver  vessels  in  which 
it  is  evaporated,  owing  to  the  formation  of  the  sulphuret  of  sil?er, 
Proust  iiilened  the  presence  of  unoxidized  sulphur;  and  Dr  Prout, 
from  the  odour  of  phosphurctted  hydrop^en,  which  he  thinks  he  has 
perceived  in  putrefying  urine,  suspects  that  phosphorus  is  likewise  pre- 
sent. The  urine  also  contains  a  peculiar  yellow  colouring  matter, 
which  has  not  hitherto  been  obtained  in  a  separate  state.  Frora  the 
precipitate  occasioned  in  urine  by  the  infusion  of  gall-nuts,  the  pre* 
sence  of  gelatin  has  been  inferred;  but  this  effect  appears  owing  to 
the  presence  not  of  gelatin  but  of  a  small  portion  of  albumen. 

According  to  Scheele,  the  urine  of  infants  sometimes  contains  ben- 
zoic acid,  a  compound  which,  when  present,  may  be  easily  procured 
by  evapoiating  the  urine  nearly  to  the  consistence  of  syrup,  and  ad- 
ding muriatic  acid.  The  precipitate,  consisting  of  uric  and  benzoic 
acids,  is  digested  in  alcohol,  which  dissolves  the  benzoic  acid. 

Notwithstanding  the  high  authority  of  Bcrzelius,  it  is  very  doubt- 
ful if  any  free  acid  be  present  in  healthy  urine.  Dr  Prout,  with  every 
appearance  of  justice,  maintains  that  the  acidity  of  recent  urine  is  oc- 
casioned by  super-salts,  and  not  by  uncombined  acid.  He  is  of  opi- 
nion that  tlie  acid  reaction  is  chiefly,  if  not  wholly,  to  be  ascribed  to 
the  superpVvosvVv^Ve  o^  Vv\\\«  %ad  su^erurate  of  ammonia,  salts  which 

^&&da  mav  co-e"si.\&\.\\i  ■^l.  \vi:^\\<\.  >n\^^v\\.  vwv\\.wA  ^«?i<t<\v«.Qosition.    A 
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ed,  as  always  happens  when  this  acid  subsides  slowly  from  a  state  of 
solution ;  but,  on  the  contrary,  if  no  free  acid  is  added,  an  amorphous 
sediment,  which  Dr  Prout  regards  as  the  superurate  of  ammonia,  is 
obtained. 

Such  is  a  general  view  of  the  composition  of  human  urine  in  its 
natural  healthy  state.  But  this  fluid  is  subject  to  a  great  variety  of 
morbid  conditions,  which  arise  either  from  the  deficiency  or  excess 
of  certain  principles  which  it  ought  to  contain,  or  from  the  presence 
of  others  wholly  foreign  to  its  composition.  As  the  study  of  these 
sfiections  affords  an  interesting  example  of  the  application  of  chemis- 
try to  pathology  and  the  practice  of  medicine,  I  shall  mention  briefly 
Sonne  of  the  most  important  morbid  states  of  this  fluid,  referring  for 
more  ample  details  to  the  excellent  treatise  of  Dr  Prout*. 

Of  the  substances  which,  though  naturally  wanting,  are  sometimes 
contained  in  the  urine,  the  most  remarkable  is  sugar,  which  is  secreted 
by  the  kidneys  in  diabetes.  (Page  500.)  Diabetic  urine  has  a  sweet 
taste,  and  yields  a  syrup  by  evaporation,  is  almost  always  of  a  pale 
straw  colour,  and  in  general  has  a  greater  specific  gravity  than  or- 
dinary urine.  It  contains  a  remarkably  small  proportion  of  azotized 
substances,  so  that  it  has  no  tendency  to  putrefy ;  but  the  presence 
of  sugar  renders  it  susceptible  of  undergoing  the  vinous  fermentation. 

The  acidifying  process  which  is  constantly  going  forward  in  the 
kidneys,  as  evinced  by  the  formation  of  sulphuric,  phosphoric,  and 
uric  acids,  sometimes  proceeds  to  a  morbid  extent,  in  consequence  of 
which  two  acids,  the  oxalic  and  nitric,  are  generated,  neither  of 
which  exists  in  healthy  urine.  The  former,  by  uniting  with  lime 
grives  rise  to  one  of  the  worst  kinds  of  urinary  concretions ;  and  the* 
latter,  in  the  opinion  of  Dr  Prout,  leads  to  the  production  of  the  pur- 
purate  of  ammonia,  by  reacting  on  uric  acid. 

In  severe  cases  of  jatindice,  the  bile  passes  from  the  blood  into  the 
kidneys,  and  communicates  a  yellow  colour  to  the  urine.  The  most 
delicate  test  of  its  presence  is  muriatic  acid,  which  causes  a  green  tint. 

Though  albumen  is  contained  in  very  minute  quantity  in  healthy 
urine,  in  some  diseases  it  is  present  in  large  proportion.  According 
to  Dr  Blackall,  it  is  characteristic  of  certain  kinds  of  dropsy,  accom- 
panied with  an  inflammatory  diathesis,  as  in  that  which  supervenes 
on  scarlet  fever ;  and  Dr  Prout  has  described  two  cases  of  albuminous 
urine,  in  which,  without  any  febrile  symptoms,  albumen  existed  in 
such  quantity  that  spontaneous  coagulation  took  place  within  the 
bladder.  From  the  Medical  Reports  lately  published  by  Dr  Bright, 
it  appears  that  dropsical  eflusions  are  sometimes  owing  to  an  inflam- 
matory or  diseased  state  of  the  kidneys ;  and  in  these  cases  the  urine 
commonly  contains  so  nmch  albumen  as  to  be  rendered  turbid  by  heat. 
So  regular  indeed  is  its  occurrence,  that  Dr  Bright  considers  albumin- 
ous urine,  in  dropsical  patients,  to  be  a  sign  of  renal  disease. 

In  certain  states  of  the  system,  urea  is  generated  in  an  unusually  small 
proportion.  This  occurs  especially  in  diabetes  mellitus,  and  in  acute 
and  chronic  inflammation  of  the  liver,  diseases  in  which  urea  is  said 
sometimes  to  be  wholly  wanting;  but  the  experience  of  Dr  Prout  has 
led  him  to  doubt  if  it  is  ever  entirely  absent.  Dr  Henry  has  shown 
that  urea,  when  mixed  with  a  considerable  proportion  of  sugar,  cannot 
be  discovered  by  the  usual  test  of  nitric  acid ;  and,  consequently,  that 
though  present  in  diabetic  urine,  it  mvj  em\^  \)^  k^\«\\^^^\.  *\\v«. 
method  by  which  he  has  succeeded  in  de\.et\.\x\%\V\i\  «nm^  «.-^«%\%\s!^ 
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dittfllAtlon,  urea  behytfM  only  known  anlnial  principle  wMeh  bcomn- 

tod  into ctrboDite ofunaionio at  n  boilini^ tonpefalwo.  (Medico-Chir. 

TkoM.  vol.  il.  p.  117.)    During  the  hyeterie  peroxyioi*  alio,  tbeaol* 

Bal  mattert  of  the  urine  am  deficient,  while  ite  nline  iopedienti  m 

■ecreted  In  unusual  owntity.    An  escaae  of  aiea  oceaiioiitUj  eilM. 

The  mode  by  which  Dr  Proot  eetlniatoe  the  proporlioo  of  Um  ptaci- 

ple  la  by  putting  the  urine  in  a  watch  gUatp  and  catefully  addieg  t*  U 

neariy  an  equal  oiiantity  of  nitric  acid*  in  aueb  a  manner  tliat  the  leU 

may  collect  at  tbe  bottom.    If  apontaneoua  cryatalUiatlon  emea,  m 

ezcoM  of  urea  it  indieated ;  and  the  degree  of  ezceaa  may  be  iBfani 

approximately  by  maiking  tlie  time  which  olapeee  befbm  the  cfttt 

takes  place.    Undilated  healthy  urine  yields  cryetab  only  aflsr  m  k- 

terral  of  half  an  hour;  but  the  nltratn  cryatallisoe  within  thttialsml 

when  the  urea  is  in  excess. 

An  unusually  abundant  secretion  of  uric  ncid  Is  a  dicuMtoaca  by 
no  mesns  uncommon.  In  some  instances  this  add  makes  it  iffsv^ 
ance  in  a  free  state ;  but  happily  it  generally  oecnrs  in  cembtaitiw 
with  an  alkali,  especially  with  soda  or  ammonia.  As  the  oritcs  ne 
much  more  soluble  in  warm  than  In  cold  water»  the  urine  hi  wkldi 
they  abound  is  quite  clear  at  the  moment  of  l^lng  voided,  botdeps- 
sites  a  copious  sediment  in  cooling.  The  undue  secieiion  of  ihm 
salts,  if  temporary,  occasions  scarcely  any  iDconvenlence,  sadiiiM 
from  such  slight  causes,  that  It  frequently  takee  place  without  bdiK 
noticed.  This  aflTectlon  is  generally  produced  by  errois  hi  dist,  whi> 
ther  as  to  quantity  or  quality,  and  by  all  caoeee  wldch  Intnni^  A* 
digestive  proress  in  sny  of  Its  ktsges ,  or  render  It  Imperfect.  Dr  Piost 
specifics  uofcrinciKed  heavy  bread,  and  hard  boiled  puddings  or 
dumplin^fl,  as  in  particular  disposing  to  the  formation  of  the  uratef. 
These  sediments  have  conimonly  a  yellowish  tint,  which  is  comma' 
nicatcd  by  the  colouring  matter  of  the  urine  ;  or  when  (hey  ire  de- 
poshed  in  levers,  forming  the  lateritious  sediment,  they  are  red,  io 
consequence  of  the  colouring  matter  of  (he  urine  being  then  more 
abundant.  In  fevers  of  an  irritable  nature,  as  in  hectic,  the  sediment 
has  a  pink  colour,  which  is  ascribed  by  Dr  Prout  (o  the  presence  of 
purpuratc  of  ammonia,  and  by  Proust  to  rosacic  acid.  (Page  502  ) 

So  long  as  the  uric  acid  remains  in  combination  with  a  base,  it  nerer 
yields  a  crystalline  deposite*,  but  when  this  acid  is  in  excess  and  in  i 
fiee  state,  its  very  sparing  solubility  causes  it  to  separate  in  minute 
crystals,  even  within  the  bladder,  giving  rise  to  two  of  the  roost  dis* 
tressing  complaints  to  which  human  nature  is  subject, — to  gravel  when 
the  crystals  are  detached  fiom  one  another,  and  when  agglutinated  by 
animal  matter  into  concrete  masses,  to  the  disease  called  stone.  These 
diseases  may  arise  either  from  uric  acid  being  directly  secreted  by  the 
kidneys,  or,  as  Dr  Prout  suspects,  from  the  formation  of  some  other 
acid,  by  which  the  urate  of  ammonia  is  decomposed.  The  tendeDcy 
of  the  urine  to  contain  free  acid  occurs  most  frequently  in  dyspeptic 
persons  of  a  gouty  habit,  and  is  familiarly  known  by  the  name  of  the 
uric  or  lithic  acid  diathesis.  In  these  Individuals,  the  disposition  to 
undue  acidity  of  the  urine  is  superadded  to  that  state  of  the  system 
which  leads  to  an  unusual  supply  of  the  urates. 

A  deficiency  of  acid  in  the  urine  is  not  leas  injurious  than  its  excess. 

^*  •he  phosphate  of  lime  in  its  neutral  state  is  insoluble  in  water,  this 

«*"Mft»  be  dissolved  in  the  urine,  except  by  being  in  the  form  of  a 

'     -d^i^c^  \X.\«wn«Mi  <^!«^^  >Mnk>flEcs  ^xvoA  fields  a  precl- 
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phates  are  necessarily  deposited,  and  an  opportunity  afforded  for  the 
formation  of  a  stone. 

Urinary  Concretions. 

Ttie  first  step  towards  a  knowledge  of  urinary  calculi  was  made  in 
the  year  1776  by  Scheele,  who  showed  that  many  of  the  concretions 
formed  in  the  bladder  consist  of  uric  or  lithic  acid.  The  subject  was 
afterwards  successfully  investigated  by  Drs  Wollaston  and  Pearson  in 
this  country,  and  by  Fourcroy  and  Yauquelin  in  France ;  but  the  ho- 
nour of  having  first  ascertained  the  composition  and  chemical  charac- 
ters of  most  of  the  species  of  urinary  calculi  at  present  known,  belongs 
■  to  Dr  Wollaston.  (Phil.  Trans,  for  1797.)  The  chemists  who  have 
since  materially  contributed  to  advance  our  knowledge  of  this  depart- 
ment of  science,  are  Dr  Henry,  Mr  Brande,  Dr  Prout,  and  the  late 
Dr  Marcet,  to  whose  "  Essay  on  the  Chemical  History  and  Medical 
Treatment  of  Calculous  Disorders,"  I  may  refer  the  reader  who  is  de- 
■irous  of  studying  this  important  subject. 

^  The  rnost  common  kinds  of  urinary  concretions  may  be  conveniently 
divided  into  six  species :  1.  The  uric  acid  calculus ;  2.  The  bone-earth 
calculus,  principally  consisting  of  phosphate  of  hme;  3.  The  ammo- 
niaco-magnesian  phosphate;  4.  The  fusible  calculus,  being  a  mixture 
of  the  two  preceding  species ;  5.  The  mulberry  calculus,  composed  of 
oxalate  of  lime;  and,  lastly.  The  cystic  oxide  calculus.  (Marcet.) 

1.  7*he  uric  acid  forms  a  hard  inodorous  concretion,  commonly  of 
an  oral  form,  of  a  brownish  or  fawn  colour,  and  smooth  surface. 
These  calculi  consist  of  layers  arranged  concentrically  around  a  central 
nucleus,  the  laminae  being  distinguished  from  each  other  by  a  slight 
difference  in  colour,  and  sometimes  by  the  interposition  of  some  other 
substance. 

This  species  is  readily  distinguished  by  the  following  characters. 
It  is  very  sparingly  soluble  in  water  and  muriatic  acid.  Digested  in 
pure  potassa  it  quickly  disappears,  and  on  adding  an  acid  to  the  solu- 
tion, the  uric  acid  is  precipitated.  It  is  dissolved  with  effervescence 
by  nitric  acid,  and  the  solution  yields  the  purpurate  of  ammonia  when 
evaporated.  Before  the  blowpipe,  it  becomes  black,  emits  a  peculiar 
animal  odour,  and  is  gradually  consumed,  leaving  a  trace  of  white  ash, 
which  has  an  alkaline  reaction. 

As  a  variety  of  this  species,  may  be  mentioned  the  urate  of  ammo- 
nia, a  rare  kind  of  calculus  first  noticed  by  Fourcroy.  Mr  Brande  and 
Dr  Mareet  expressed  a  doubt  of  its  ever  forming  an  independent  con- 
cretion ;  but  its  existence,  as  such,  has  been  established  by  Dr  Prout. 
The  urate  of  ammonia  has  the  same  general  chemical  characters  as 
the  uric  acid,  from  which  it  is  distinguished  by  its  solubility  in  boiling 
water,  when  reduced  to  powder,  and  by  its  solution  in  potassa  being 
attended  with  the  disengagement  of  ammonia.  It  deflagrates  remark- 
ably before  the  blowpipe.  (Medico-Chir.  Trans,  vol.  x.  p.  389.) 

2.  The  bone-earth  calculus,  first  correctly  analyzed  by  Dr  Wollas- 
ton, consists  of  phosphate  of  lime.    The  surface  of  these  calculi  is  of 
a  pale  brown  colour,  and  quite  smooth  as  if  they  had  been  polished. 
When  sawed  through  the  middle,  they  are  found  to  be  laminated  in.  «> 
very  regular  manner,  and  the  layers  \n  |;efien\  ^<^«i^  v^  ^v^gcc^'^  ^^>»^ 
tbey  may  be  separated  with  ease  into  concenXxx^  cra»\». 
Thia  calculus,  when  reduced  to  powdet,  d\«&o\N«^Nn^A»-^^>^-^^ 
dilute  uitric  or  muriatic  acid,  but  is  maoXuVAe  Va  v^Vwa*^-   '^TX^''  . 
blowpipe,  it  6nt  tMumea  a  bUck  coWut^  liom  V\ie  ^^com^«*»ss!ix  * 
Uu  2 
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HMto  uihMl  mattM,  Mid  thtn  btcoBM  quite  wUtt,  fiMgoln  m 
farfter  clwii|6  uoteM  Ibe  hmt  be  very  faiieiise,  wbee  it  te  kmA, 

S.  The  plKMpliate  of  ainiDOBle  end  aucnerie  itm  fint  JMerfbW  ai 
e  coDiUtueot  of  ortnaiy.  eakuK  by  Dr  WoUesloii.  k  nnlf  obli 
quite  dune,  beetuie  tbe  nme  eute  of  the  uiine  which  litdi  tifki 
fomiition  of  this  •pectee,  (kvoun  the  de|MMltiofB  of  phoaphtto  df  Im; 
but  It  U  fireqoeoily  the  pieveiliog  Incredient.  It  ofieo  appean  ie  iht 
form  of  nioule  tMifclieg  ciyttaUv  diffiited  orer  tbe  euifaeeor  bitoMi 
the  luteiotlfsei  of  other  ealcalus  lemiiui. 

Calculi,  In  which  tbia  aalt  prevaUe,  ere  fenerally  white,  aed  km 
compact  than  tbe  foregeliif  apedee.  Wbea  reduced  to  poWto'llMf 
ara  dliaolved  Inr  cold  ecelle  acid»  end  etUl  oiore  eeiily  by  dMiCiamH 
acida,  tbe  aalt  beiiig  thrown  down  uoebanced  by  ammonia.  Dtgrnmi 
in  pure  potama,  it  emita  an  ammoniacel  odour^  but  it  la  nat  dinoliad. 
Belbre  the  blowpipe,  a  amell  of  ammonle  ia  given  out,  it  diariaiihM  it 
alee,  and  UMlta  into  a  white  peerl  with  rather  more  fMiltythmfhii* 
phate  of  lima. 

4.  The  fufihie  catculut,  the  nature  of  which  waa  fiiat  datemiai^ 
by  Dr  Wollaatoo,  ia  a  mixture  of  the  two  preceding  apaciai.  It  ii 
commonly  of  a  white  colour,  and  ite  fracture  la  uaual^  rMfed  mi 
uneven  It  la  more  friable  than  any  of  tbe  other  kinda  aiTdtahi, 
aaparatea  eaaily  Into  layera,  and  leavea  e  while  duat  on  tha  fiaaai. 
Thaae  conerationa  are  very  common,  end  eometimea  attaiaaieii 
aiae. 

The  fusible  calcului  It  characterised  by  the  facility  with  wUck  it 
melts  into  a  pearly  globule,  which  ia  aoinetiroea  quite  truMpareaL 
When  reduced  to  powder,  and  put  into  cold  acetic  acid,  the  pbof* 

f»hate  of  aiiirnooia  and  magnesia  is  dissolved^  and   tlie  pbofpbata«f 
ime,  almost  the  whole  of  which  is  left,  dissolves  readily  in  muriatic 
acid, 

5.  The  mulberry  calculus,  so  named  from    its  resemblance  to  tbe 
fruit  of  the  mulberiy,  waa  tint  proved  to  consist  of  oxalate  oMime  Iqr 
Dr   Wollaston.     This  concretion  is  sufficiently  characterized  by  iu 
dark  cutouied  tuberculated  surface ;  but  it  may  also  be  diitinguubed 
chemically  by  the  following  properties.     Heated  before  the  blowpipe, 
the  oxalic  acid  ia  decomposed,  and  pure  lime  reroaina,  which  giva«  i 
strong  brown  stain  to  moistened  turmeric  paper.     It  is  insoluble  io 
the  alkalies ;  but  by  digestion  in  carbonate  of  potassa  it  is  decompoied,     | 
and  the  insoluble  carbonate  of  lime  is  left.     When  reduced  to  powder     I 
and  digested  in  muriatic  or  nitric  acid,  a  perfect  solution  is  effected.     I 
It  is  not  dissolved  by  acetic  acid,  a  circumstance  which  distinguisbei 

it  from  the  ammoniaco-magnesian  phosphate  ;  and  it  is  distinguished     • 
fcoin  phosphate  oMiine  by  being  insoluble  in  phosphoiic  acid. 

6.  The  cystic  oxide  was  described  by  its  discoverer  Dr  Wollaston 
in  the  Philosophical  Transactions  for  1810.  This  concretion  is  uot 
laminated,  but  appears  as  one  uniform  mass,  confusedly  crystallized 
through  its  whole  substance,  having  somewhat  the*  appearance  of  the 
aminoniaco-niagnesidn  phosphate,  though  more  compact.  Before  the 
blowpipe,  it  emits  a  peculiarly  fetid  amell,  quite  distinct  from  that  of 
uric  acid,  and  is  consumed.  It  is  characterized  by  the  great  variety 
of  rea^nts  in  which  it  is  soluble.  It  is  dissolved  abundantly  by  the 
muriatic,  nilric,  sulphuric,  and  oxalic  acids ;  by  potassa,  soda,  ammo- 

•hA  \lme-via\eT  \  ^iit\  eNvc^V)  >2cv«  w^wvcvV  «.«xli<uiate8  of  soda  and 
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and  gave  it  the  name  of  cystic,  on  the  supposition  of  its  being  pe« 
culiar  to  the  bladder.  Dr  Marcet,  however,  has  found  it  in  the  liidney.~ 

The  cystic  oxide  is  a  rare  species  of  calculus.  In  this  country 
seven  specimens  only  have  been  found ; — two  by  Dr  Wollaston,  two 
by  Dr  Henry,  and  three  by  Dr  Marcet.  Professor  Stromeyer  has  met 
with  two  instances  of  it  in  one  family,  and  in  one  of  the  cases  the 
cystic  oxide  was  also  detected  in  the  urine.  M.  Lassaigne  has  like- 
wise foiind  it  in  a  stone  taken  from  the  bladder  of  a  dog.  From  the 
analysis  of  this  chemist,  100  parts  of  cystic  oxide  are  composed  of 
carbon  36.2,  hydrogen  12.8,  oxygen  17,  and  nitrogen  34. 

It  is  remarkable  that  cystic  oxide  is  never  accompanied  with  the 
matter  of  any  other  concretion  ;  whereas  the  other  species  are  fre- 
quently met  with  in  the  same  stone.  They  are  sometimes  so  inti- 
mately mixed  that  they  can  be  separated  from  one  another  only  by 
chemical  analysis,  forming  what  is  called  a  compound  calculus ;  but 
more  frequently  the  concretion  consists  of  two  or  more  different  spe- 
cies arranged  in  distinct  alternate  layers.  This  is  termed  the  alter^ 
noting  calculus. 

Besides  the  calculi  just  mentioned,  three  other  species  have  been 
noticed.  Two  of  these  were  described  by  Dr  Marcet  under  the  names 
of  xanthic  oxide  &ad  fibrinous  calculus,  both  of  which  are  exceed- 
ingly riire.  The  xanthic  oxide  is  of  a  reddish  or  yellow  colour,  is  so- 
luble both  in  acids  and  alkalies,  and  its  solution  in  nitric  acid,  when 
evaporated,  assumes  a  bright  lemon-yellow  tint,  a  property  to  which 
it  owes  its  name,  and  by  which  it  is  characterized.  (^avBos  yellow.) 
The  fibrinous  calculus  derives  its  name  from  fibrin,  to  which  its  pro- 
perties are  closely  analogous.  The  third  species  consists  chiefly  of 
carbonate  of  lime,  and  is  likewise  of  rare  occurrence. 

From  the  solubility  of  urinary  concretions  in  chemical  menstrua, 
hopes  were  once  entertained  that  reagents  might  be  introduced  into 
the  urine  thiough  the  medium  of  the  blood,  or  be  at  once  injected  into 
the  bladder,  so  as  to  dissolve  urinary  calculi,  and  thus  supersede  the 
necessity  of  a  painful  operation  which  is  not  void  of  danger.  It  has 
been  found,  however,  that,  for  this  purpose,  it  would  be  necessary  to 
employ  acid  or  alkaline  solutions  of  greater  strength  than  may  safely 
be  introduced  into  the  bladder,  and  consequently  all  attempts  of  the 
kind  have  been  abandoned.  The  last  suggestfon  of  this  nature  was 
made  by  Messrs  Prevost  and  Dumas,  who  propose  to  disunite  the  ele- 
ments of  calculi  by  means  of  galvanism.  This  agent,  however,  though 
it  may  produce  this  effect  out  of  the  body,  will  scarcely,  I  conceiv#» 
be  found  admissible  in  practice. 


SECTION  VI. 

OJ^  THE  SOLID  PARTS  OF  JiJVJMJiLS. 

BoneSf  Horn,  Membranes,  Tendons,  Ligm 

Muscle^  SfC. 

Bones  eoasiat  of  earthy  salts  and  an\mi\  veaVV^t  \tk.<\TOAM^'i 
tbe  former  of  which  are  designed  Cot  ^WVaf^  «oM\\,^  %i^>dmv>^ 


536  Solid  Parts  of  Animals. 

the  latter  for  aG[fi;tutinatHif|;  the  earthy  particles.  The  animal  sabttin- 
ces  are  chiefly  car(ilaf(e,  gelatin,  and  a  peculiar  fatty  matter  called 
marrow.  On  reiiucing  bone3  to  p.owdcr,  and  digesting  them  in  water, 
the  fat  rises  and  swims  upon  its  suiface,  while  the  gelatin  is  dissolred. 
Hy  digesting  bones  in  dilute  muriatic  acid»  both  the  gelatin  and  earthy 
saltrt  are  disstolved,  and  the  pure  cartilage  is  left,  which  is  flexible,  but 
retains  the  original  figure  of  the  bone.  The  cartilage  of  boDesii 
tunned  before  the  earthy  matter,  and  constitutes  the  nidus  in  which 
the  latter  is  deposited.  In  its  chemical  properties,  it  is  very  analogous 
to  coagulated  albumen. 

When  bones  are  heated  in  close  vessels,  a  lar^e  quantity  of  carbonate 
of  aninionia,  some  fetid  empyreumatic  oil,  and  the  usual  inflammable 
gases  pans  over  into  the  recipient ;  while  a  mixture  of  charcoal  aod 
earthy  matter,  called  animal  charcoal,  remains  In  the  retort.  If,  on 
the  contrary,  they  are  heated  to  redness  in  an  open  fire,  the  cbaicoilis  ^ 
consumeil,  and  a  pure  white  friable  earth  is  tlie  sole  residue.  ■ 

Accurdinir  to  (he  analy.«is  of  Berzelius,  100  parts  of  dry  human  | 
hones  consist  of  animal  matters  3.3.3,  phosphate  of  lime  51.04,  car*  < 
bonatc  of  lime  11.30,  fluate  of  lime  2,  phosphate  of  magnesia  1.16,  j 
and  soda,  muriate  of  soda,  and  water  1.2.  Mr  Hatchett  found,  also,  • 
a  small  quantity  of  sulphate  of  lime  ;  and  Fourcroy  and  Vauqueiio  ■ 
discovered  traces  of  alumina,  silica,  and  the  oxides  of  iron  and  mao- 
ganese. 

Teeth  are  composed  of  the  same  materials  as  bone  ;  but  the  enimel  ^ 
dissolves  completely  in  dilute  nitric  acid,  and  therefore  is  free  from  i 
cartiiaj^o.  From  the  analysis  of  Mr  Pepys,  the  enamel  contains  78  I 
per  cj-nf  of  plio><pbate,  and  (J  of  carbonate  of  lime,  the  residue  bein^ 
prohal»ly  ^«'laiin.  The  coinposilion  of  ivory  Is  similar  to  that  of  the  ' 
bony  iiiattei  of  teeth  in  geiu'ral. 

The  -lulls  of  e^t^s  and  the  revering  of  cnifitaceous  animals,  such 
as  lob>t«'rs,  nabs,  and  the  starfi>b,  consist  of  the  carbonate  and  a  little 
phosphate  ut  lime,  and  animal  matter.  The  shells  of  oysters,  muscle?, 
and  other  itiulluscous  animals  consist  almost  entirely  of  carbonate  oi  > 
lime  and  animal  matter,  and  the  composition  of  pearl  and  mother  of 
pearl  is  f>irnilar.  ; 

Hoin  dilftTs  from  bone  in  containing  only  a  trace  of  earth.    It  con- 
sists chiefly  of  gelatin  and  a  cartilaginous  substance  like  coagulated     i 
albumen.     The  composition  of  the  nails  and  hoofs  of  animals  is  siini-     | 
lar  to  that  of  horn  ;  aod  the  cuticle  belongs  to  the  same  class  of  sub- 
stances. 

Tendons  appear  to  be  composed  almost  entirely  of  gelatin  ;  for  they     j 
are  soluble  in  boiling  water,  and  the  solution  yields  an  abundant  jelly     , 
on  cooling.     The  composition  of  the  true  skin  is  nearly  the  same  as 
that  of  tendons.     Membranes  and  ligaments  are  composed  chiefly  of 
gelatin,  but  they  also  contain  some  substance  which  is  insoluble  in 
water,  and  is  similar  to  coagulated  albumen. 

According  to  the  analysis  of  Vauquelin,  the  principal  ingredient  of     i 
hair  is  a  peculiar  animal  substance,  insoluble  in  water  at  212^  F.  but     ■ 
wbich  may  be  dissolved  in  that  liquid  by  means  of  Papin's  digester, 
and  is  soluble  in  a  solution  of  potassa.     Besides  this  substance,  hair 
contains  oil,  sulphur,  silica,  iron,  manganese,  and   the  carbonate  and     * 
hosphale  of  lime.    The  colour  of  the  hair  depends  on  that  of  its  oil ; 
e  effecl  ol  wveV^\\\c  %c^w^^^t^'^,  wvOcv  ■fcs.  x^wx-^Va  <\C  silver,  in  stain- 
e  Y\a\T,  \a  ovjuv^vo  VVve  ^k^^^^itvi.^  q.\  %>is.'^v«. 
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Silk  is  covered  with  a  peculiar  varnish  which  is  soluble  in  boiling 
ivater  and  in  altcaline  solutions,  and  amounts  to  about  23  per  cent  of 
the  raw  material.  By  digestion  in  alcohol  it  is  also  deprived  of  a  por- 
tion of  wax.  The  remaining  fibrous  structure  has  been .  examined  in 
a  very  imperfect  manner.  By  the  action  of  nitric  acid,  it  is  con- 
▼erted  into  a  yellow  crystalline  substance  of  a  bitter  taste. 

The  tiesh  of  animals,  or  muscle,  consists  essentially  of  fibrin;  but 
independently  of  this  principle,  it  contains  several  other  ingredients, 
such  as  albumen,  gelatin,  a  peculiar  extractive  matter  called  oama' 
zomcy  fat,  and  salts ;  substances  which  are  chiefly  derived  from  the 
blood,  vessels,  and  cellular  membrane,  dispersed  through  the  muscles. 
On  macerating  flesh,  cut  into  small  fragments,  in  successive  portions 
of  cold  water,  the  albumen,  osmazome,  and  salts  are  dissolved ;  and 
on  boiling  the  solution,  the  albumen  is  coagulated.  From  the  re« 
naining  liquid,  the  osmazome  may  be  procured  in  a  separate  state  by 
evaporating  to  the  consistence  of  an  extract,  and  treating  it  with  cold 
alcohol.  By  the  action  of  boiling  water,  the  gelatin  of  the  muscle  is 
dissolved,  the  fat  melts  and  rises  to  the  surface  of  the  water,  and  pure 
fibrin  remains. 

The  characteristic  odour  and  taste  of  soup  are  owing  to  the  osma- 
zome. This  substance  is  of  a  yellowish-brown  colour,  and  is  dis- 
tinguished from  the  other  animal  principles  by  solubility  in  water  and 
alcohol,  whether  cold  or  at  a  boiling  temperature,  and  by  not  form- 
ing a  jelly  when  its  solution  is  concentrated  by  evaporation.  Like 
gelatin  and  albumen,  it  yields  a  precipitate  with  infusion  of  nut-galls. 

The  substance  of  the  brain,  nerves,  and  spinal  marrow  differs  from 
that  of  all  other  animal  textures.  The  most  elaborate  analysis  of  cere- 
bral matter  is  by  Vauquetin,  who  found  that  100  parts  of  it  consist  of 
water  80,  albumen  7,  white  fatty  matter  4.53,  red  fatty  matter  0.70, 
osmazome  1.12,  phosphorus  1.6,  and  acids,  salts,  and  sulphur  5.15. 
(Annals  of  Phil.  vol.  i.)  The  presence  of  albumen  accounts  for  the 
partial  solubility  of  the  brain  in  cold  water,  and  for  the  solution  being 
coagulated  by  heat,  acids,  alcohol,  and  by  the  metallic  salts  which  . 
coagulate  other  albuminous  fluids.  By  acting  upon  cerebral  matter 
with  boiling  alcohol,  the  fatty  principles  and  osmazome  are  dissolved, 
and  the  solution  in  cooling  deposites  the  white  fatty  matter  in  the 
form  of  crystalline  plates.  On  expelling  the  alcohol  by  evaporation, 
and  treating  the  residue  with  cold  alcohol,  the  osmazome  is  taken  up, 
and  a  fixed  oil  remains  of  a  reddish-brown  colour,  and  an  odour  like 
that  of  the  brain  itself,  though  much  stronger.  These  two  species  of 
fat  differ  little  from  each  other,  and  both  yield  phosphoric  acid  when 
deflagrated  with  nitre. 


SECTION  VII. 


OJy  PUTREFACTJO. 


When  dead  animal  matter  is  exposed  to  air,  m 
temperature,  it  speedily  runs  into  putrefaction,  dk. 
of  its  original  texture  disappears,  and  p*"*'*'"***' ' 
tare  are  generated.    The  presence  of 
Jeratea  the  change;   but  the  cond\< 
essential  to  it,  are  moisture  and  %  t 


5a8  Putrefaction. 

opcnlc  in  rhe  nme  maDDec  *»  in  Ihe  puliefaction  of  vegeliblenu- 
Ui.  Tlie  most  ri'ounble  leiupeialiire  U  frotii  60-  la  SO'  or  90'  Fihr 
Below  61)"  Ihe  praceas  IsLes  place  tardily,  and  at  32"  it  \t  nbsllj  i. 
twlHl ; — ■  Jad,  which  ia  clearly  evioced  by  the  ciicumitiDce  ibil 
ll>e  tmillM  of  nnimaU,  which  hiive  been  buried  in  anon  ot  ice,iiE 
faiincl  unchanaed  »iler  ■  long  BeriMOf  jean.  The  neufrily  of  >m- 
talD  defrtc  ot  moiitiire  ia  ahown  by  the  facility  with  which  tbe  niui 
periihlbia  tubilmce*  may  bt  prei^ivcd  when  quite  Jiy.  Tbe  prmr- 
«a(lan  of  atnoliEd  meal  ia  chiefly  awi(i°  lo  Ihii  cause;  and,  Foi  ilikt 
rnion,  aninialt  buried  in  the  dry  Band  of  Arabia  aud  Eiypttiw- 
>>.aln*d  [or  yean  nllhoul  chaii|-e.  " 

Fnt  i«inon<  formerly  meiilioned,  aDimal  mattera  commonly  miltrn 
puliefuciloii  mote  rc«dily  than  those  which  are  derived  from  tbe  nf 
elalilc  kingdom,  ( pane  423 1 ;  biil  they  ere  not  M  equally  diipOMii  U 
putrefy,  Tim  acid  and  tally  principles  are  leas  hable  lo  tbit  iAto|i 
Ihaa  un-9,  fibrin,  and  olhrc  analo^oiia  eubalancea.  The  chid  prfr 
duel*  lu  wliiHi  Ibetr  diiHiiluIiDD  gives  rise  are  water,  ammonii,  ni- 
bsolc  aclil,  and  ■u1pt|urBll«iJ,  phosphuroliad,  and  mbuielleil  hidrC' 
g«D  giaea. 
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PART    IV. 


AJSTALYTICAL  CHEMISTRY. 

TO  enter  inio  a  detailed  account  of  experimental  and  analytical 
chemistry,  Is  altogether  inconsistent  with  the  design  and  limits 
of  the  present  work.  My  sole  object  in  this  department  is  to  give  a 
few  concise  directions  for  conducting  some  of  the  more  common  ana- 
lytical processes ;  and  in  order  to  render  them  more  generally  useful, 
1  shall  give  examples  of  the  analysis  of  mixed  gases,  of  minerals,  and 
of  mineral  waters. 


SECTION  I. 

AJ^ALYSIS  OF  MIXED  GJlSES, 

Analytis  jqf  Air  or  of  Gaseous  Mixtures  containing  Oxygen.-^Of 
the  various  processes  by  which  oxygen  gas  may  be  withdrawn  from 
gaieouB  mixtures,  and  its  quantity  determined,  none  are  so  conve- 
nient and  precise  as  the  method  by  means  of  hydrogen  gas.    In  per- 
forming this  analysis,  a  portion  of  atmospheric  air  is  carefully  mea- 
•ored  in  a  graduated  tube,  and  mixed  with  a  quantity 
of  hydrogen  gas  which  is  rather  more  than  sufficient 
for  uniting  with  all  the  oxygen  present.    The  mixture 
is  then   introduced  into  a  strong  glass   tube  called 
Tolta's  eudiometer,  shown  in  the  annexed  wood-cut, 
and  is  inflamed  by  the  electric  spark,  the  aperture  of 
the  tube  being  closed  by  the  thumb  at  the  moment  of 
detonation.    The  total  diminution  in  volume,  divided 
by  three,  indicates  the  quantity  of  oxygen  originally 
contained  in  the  mixture.    This  operation  may  be  per* 
formed  in  a  trough  either  of  water  or  mercury. 

Instead  of  electricity,  spongy  platinum  may  be  employed  for  caus« 
Ing  the  union  of  oxygen  and  hydrogen  gases ;  and  while  its  indications 
are  very  precise,  it  has  the  advantage  of  producing  the  effect  gradually 
%nd  without  detonation.     The  most  convenient  mode  of  employing  it 
^ith  this  intention  is  the  following.    A  mixture  of  spongy  platinum 
%nd  pipe-clay,  in  the  proportion  of  about  three  parts  of  the  former  to 
One  of^the  latter,  is  made  into  a  paste  with  watec^OiW^Sk  v\v«u\c^<&^\a*> 
t  ween' the  Gngers  into  a  globular  form.    \u  ox^c^x  vc^  Y^^%^xh«  ^^ 
Spongy  texture  of  the  platinum,  a  ViUie  mxin^v^  ol  ws«ftw\v*.\^  \siviA^ 
With  the  paste;  and  when  the  ball  has  become  df^  ,'\V  V^  <r^v>.'Cvi>\^'^J^'^ 
hited  Mt  the  Qsuue  of  a  spirit  lamp.     The  aa\  anuviwovvv^t^  ^^t^^\^%>^'^^ 
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al  Mits  of  the  mait,  g^vM  It  t  dmee  of  porosity  wUdi  li  pooMf 
l^fMinble  to  Its  aetioo.  Tho  boll*  thus  pioporad*  AouM  bo  pntait 
mi  ftom  duttt  ond  bo  hottod  to  rodneoo  jiwft  befbro  boi^^  used,  lb 
tatyra  oecuncy,  tho  hydfOfon  omployod  thoiild  be  kept  over  ■ 
fer  •  few  boon  to  contoet  wHh  o  plttinum  boll  end  o  ploeo  of 
potom.  ThofinCdopiivoiltof  tiaeoo  ofoijgenwblohlteoi 
cooulno.  and  tho  aoeond  of  moiatiira  ond  Milpburetted  hydri|H. 
Tho  analytio  moat  bo  porfbcQiod  in  a  marenrial  tronsh.  Tbo  liBa» 
<|oAicd  for  complotoiT  loaaovfaic  tho  OKygon  dependa  on  tho  dhMlv 
of  tho  tube.  If  UM  ■Mttwo  laeontalnod  m  a  very  narrow  tiibe»lbiiidi 
mitloo  dooa  not  aiiifo  at  Ita  fell  OBtont  In  loaa  than  twenty  ■Ubi 
or  half  an  hour:  whOo  In  a  voaool  of  an  inch  in  dtamotar,  tba  cfa 
la  cooipleto  In  the  couno  of  five  mlnutoo. 

JMe  ^  deUrmMng  HU  Quonlito  ^  ^tUrogen  im  flwwi 
JMbfnrct.— >Aa  atMoaphaik  ah,  which  baa  boon  deprived  of  mIiIM 
and  caibonie  add,  contto  of  osygen  and  nitrogen  only,  the  9iop» 
tton  of  tho  latter  la  of  eonrao  known  oa  oooa  oa  that  cS  tba.fciMr 
la  determined.  The  only  aethod.  Indeed,  by  whiieb  chiaihii  m 
enoUod  to  eatlmate  the  quandty  of  thio  gao,  la  by  withdiawiiv  *• 
other  gaaeooa  aubataneea  with  which  It  ia  misod. 

JMbda  ^dcfcrinMv  Oe  Qwan^  </ Ctarftoni^  .4M  in  flMMi 
JMbfnrca.— When  carbonie  add  ia  tho  only  acid  nao  which  is  pmnl^ 
m  happeoain  atmoapharic  air,  hi  tho  ultlnatn  ana^ala  ofoipalfwn 
pouoda,  and  in  moat  other  analogooa  reaoaichea,  tho  procamhr^ 
tarmlning  ita  quantity  ia  oicoedlngly  almpio;  for  it  conaifCa  ati^h 
abaorbiog  that  gaa  by  lloM-water,  or  a  aolutlon  of  cauatic  paCML 
Thifl  Is  eaatly  doue  in  tlie  course  of  a  few  minutes  io  to  onfiniy 
l^raduated.tube ;  or  it  may  be  eflected  almost  instaDtaneousJj  byagtt^ 
tinf(  the  gaseous  mixture  with  the  alkalioe  solution  in 
Hope**  eiulionieter.  This  apparatus,  as  represented  in  the 
6gurc,  is  formed  of  two  parts;  the  bottle  A,  capable  of 
rontaining  about  twenty  drachms  of  fluid,  and  fumiahed 
with  a  welNground  stopper  C;  and  of  the  tube  B,  of  the 
capacity  of  one  cubic  inch,  divided  into  100  equal  parts, 
and  accurately  fitted  by  grinding  to  the  neck  of  the  bot- 
tle. The  tube,  full  of  gas,  is  fixed  into  the  bottle, 
previously  filled  with  lime-water,  and  its  contents  are 
briskly  agitated.  The  stopper  C  is  then  withdrawn  under 
water,  when  a  portion  of  liquid  rushes  into  the  tube,  sup- 
plying  the  place  of  the  gas  which  has  disappeared  ;  and 
the  process  is  afterwards  repeated,  aa  long  as  any  absorp- 
tion ensues.  i 


The  eudiometer  of  Dr  Hope  was  originally  designed 
for  analyzing  air  or  other  similar  mixtures,  the  bottle  be- 
iiig  filled  with  a  solution  of  the  hydrosulphuret  of  potas- 
s«  or  lime,  or  some  liquid  capable  of  absorbing  oxygen. 
To  the  employment  of  this  apparatus  it  has  been  objected, 
that  the  absorption  is  rendered  slow  by  the  partial  vacu- 
um which  is  continually  taking  place  within  it,  an  incon- 
venience particularly  felt  towards  the  close  of  the  procesa, 
in  consequence  of  the  eudiometric  liquor  being  diluted  by 
iha  admiaaioo  of  water.     To  remedy  this  defect,  Dr 

"•  boo  anbi^vuXftd  v  V^VVNa  ^<  «UaUc  ^m  for  that  of       tl 
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for  abf  orbing  carbonic  acid  or  similar  gases,  and  is  particularly  useful 
lor  the  purpose  of  demonstration. 

Mode  of  analyzing  Mixtures  of  Hydrogen  and  other  Inflamma* 
ble  Gases, — When  hydrogen  is  mixed  with  nitrogen,  air,  oi  other 
similar  gaseous  mixtures,  its  quantity  is  easily  ascertained  by  causing 
it  to  combine  with  oxygen,  either  by  means  of  platinum,  or  the  elec- 
tric spark.  If,  instead  of  hydrogen,  any  other  combustible  substance, 
each  48  carbonic  oxide,  light  carburetted  hydrogen,  or  olefiant  gas,  is 
mixed  with  nitrogen,  the  analysis  is  easily  effected  by  adding  a  suffi- 
cient quantity  of  oxygen,  and  detonating  the  mixture  by  electricity. 
The  diminution  In  volume  indicates  the  quantity  of  hydrogen  contained 
in  the  gas,  and  from  the  carbonic  acid,  which  may  then  be  removed 
by  an  alkali,  the  quantity  of  carbon  is  inferred*. 

*  It  is  not  easy  to  perceive  how  the  diminution  in  volume  will  indi- 
cate the  quantity  of  hydrogen  contained  in  the  gas.  IfDr  Turner 
means  that  in  cases  of  the  mixture  oifree  hydrogen,  either  with  nitro- 
gen or  air,  that  explosion  with  an  excess  of  oxygen  will  indicate  the 
quantity  of  hydrogen  present,  by  the  diminution  in  volume,  it  being 
two-thirds  of  that  diminution,  the  fact  is  readily  admitted ;  but  with 
regard  to  the  other  supposed  mixtures,  the  rule  given  is  obviously  in- 
exact. Not  to  speak  of  the  case  of  carbonic  oxide,  which  is  evidently 
inapplicable,  as  that  gas  contains  no  hydrogen,  it  will  be  found  on 
examination,  that  where  either  light  carburetted  hydrogen,  or  olefiant 
gas  is  mixed  with  nitrogen;  no  conclusion  can  be  drawn  fiom  the 
diminution  of  volume;  and  for  this  reason,  that  in  these  combustible 
gases,  the  hydrogen  exists  already  condensed ;  and  besides  it  is  im- 
po88i(>le  to  know  beforehand  how  much  of  the  oxygen  may  be  ex- 
pended in  the  formation  of  carbonic  acid. 

In  the  case  of  a  mixture  of  nitrogen  and  light  carburetted  hydrogen, 
the  experimenter  being  certain  that  no  other  gas  is  present,  it  would 
be  easy  to  ascertain  the  quantity  of  the  latter.  All  that  would  be  ne- 
cessary to  be  done,  would  be  to  explode  the  mixture  with  an  excess 
of  oxygen,  measure  the  carbonic  acid  formed,  deduce  the  carbon  pre- 
sent in  it,  and  calculate  how  much  hydrogen  the  carbon  would  re- 
quire to  convert  it  into  light  carburetted  hydrogen.  By  proceeding  in 
a  similar  manner,  a  mixture  of  nitrogen  and  olefiant  gas  might  be 
analyzed. 

Where  the  mixture  consists  of  nitrogen  and  carbonic  oxide,  the 
Yolume  of  the  carbonic  acid  formed  will  indicate  the  volume  of  this 
oxide. 

If  a  mixture  is  supposed  of  nitrogen,  carbonic  oxide,  light  carbu- 
retted hydrogen,  olefiant  gas,  and  free  hydrogen,  the  analysis  is  some- 
what complicated.    The  first  step  will  be  the  removal  of  the  olefiant 
gas  by  the  method  of  Dr  Henry,  by  means  of  chlorine.     The  next  is 
to  determine  the  precise  quantity  of  oxygen  necessary  for  the  com- 
plete combustion  of  the  residue.     This  is  ascertained  by  detonating 
the  mixture  with  an  excess  of  oxygen,  absorbing  the  carbonic  acid 
formed,  and  analyzing  the  new  residue  (which  necessarily  consists  of 
nitrogen  and  the  excess  of  oxygen)  by  means  of  hydrogen.'  The  oxy- 
gen in  excess,  thus  ascertained,  being  deducted  from  the  whole  quan- 
tity employed,  will  give  the  amount  expended  in  ih^  eiL^V^sx^w,  'Wsfe 
quantity  of  caibonic  acid  formed  w\\\  give  \\\c  c\mawW\^  ^^  c^'^wv'vs^ 
the  mixture;  and  this  amount,  together  w'uh  \\\ft  vjeX^V  q.\  ^^\w\V^^- 
ren,  deducted  from  the  total  weight  of  V\\e  %?i»  i^tVfex  >Xv^  \«w^w^^  «^ 
ie  olefiant  gas,  wiU  give  the  weight  oC  iVie  oxN^^Xi.  vcA.  >k^<»^^' 
V  V 


S4S  JSmt^tU  qf  MiMi  thm. 

Aa  tf^pttt  «Mte  of  cwvmIIbk  cuboBle  oildft  Into  ettboKte  tdi 
gai»  MigiBfted  by  Dr  H«uj,  to  to  sis  tt  with  titer  mon  Ihn  lb 
•«AVoiameoriiitraM«iiden0»Mdfiratlw  miHara  bv  tba  oleetik 

10  BlIfogHi  and  cubonle  ■dd  gtfoi.  For  each  OMMHra  of  oobook 
oildo,  ooo  of  euboofe  oeM  if  pradoeod,  ooo'  moowuo  of  iiHraiB  9Ak 
It  doeooipoMd,  and  ooo  of  nlcioien  ovolfod.  By  onploylw  t  dkkc 
•ICOM  of  pmo  etibtikie  oiido,  tto  coBpodtioii  of  nitroQi  <Sde  hv 
bo  wcortaiiMfl.  ThomlsodgMe*  oceopy  tlio  iOBiof|ioeoated£ 
gnrtJoaMbefiwottj  and  tfaocarboiite  acid  gajocoopieaflio  laaeflMi 
it  tho  nltraw  oildo»  wfaich  had  been  pioeeiit.  (iymaia  of  miMSi. 

When  olefiant  g»a  if  mfarad  with  other  hia«f»fniMft  mm§t  MroM^ 
tity  to  oaiUy  detemtnedby  an  elmnt  and  almplo  i»roce«  nioribfoibr 
DrHeaiy.  (Pafe288.)  it conaM  fai  infadng  100 noaranibOrM 
eoofontont  quantttr  of  the  caaeoof  mistuie,  with  an  oqoal  fthaoB  of 
cUoilne  fai  a  vaaiai  eorerad  with  a  ploee  of  cloth  or  owMr,  la  w  to 
protect  it  fiomHght;  and  after  an  Intenralof  oboot  tnii  latonton  toi 
eaeeatofehlotlno  to  removed  by  Omo-water  or  potaMa.  Thakwafr 
po4ineed  by  the  cat  to  be  andyied,  Indleatoa  tibeeiaerqaMlltoaf 
olafiant  gaa  which  It  hod  contataiod.  ^r— v 

Thto  method  to  net  comet  when  the  ▼apoora  of  tibe  dflMaMo* 
caiborataaiepreaent.  ThoawhenoUgaa  to  mixed  with  chkrin^Ai 
dlBdnotion  in  vohimo  ariaes  from  the  removal  of  the  eombasdbtofi- 
poars  at  well  as  of  olefiant  gas ;  for  the  former  are  equally  disposed 
as  the  latter  to  unite  with  chlorine.  i      ^     r 

In  mixtures  of  hydrogen,  carburetted  hydrogen,  and  carfoonic  oxide, 
the  analytic  process  is  exceedingly  difficult  and  complicated,  and  re- 
quires all  the  resources  of  the  most  refined  chemical  knowledge,  ind 
all  the  address  of  an  experienced  analyst.  The  most  recent  iSfonna- 
tion  on  this  subject  will  be  found  in  Dr  Heniy'e  Essay  in  the  PWlo- 
sopbical  Transactions  for  1824.  "^ 


present.    The  oxygen  in  the  carbonic  acid  formed,  deducted  fiam 

that  expended  in  the  explosion,  will  give  the  oxygen  which  has  beea 

expended  hi  the  formation  of  water ;  and  this  oxygen,  added  to  the 

oxygen  and  hydrogen  present  in  the  gas,  will  give  the  weight  of  the 

water  formed.  From  the  weight  of  the  water,  the  hydrogen  preseatinit 

may  be  inferred,  and  this  deducted  from  the  aggregate  wdght  of  the 

oxygen  and  hydrogen  in  the  gas,  will  give  the  weight  of  tte  exygm 

present.    This  oxygen,  by  the  supposition,  must  have  existed  to  the 

carbonic  oxide;  and  by  calculation,  the  quantity  of  carbon  it  weald 

require  to  be  converted  Into  that  oxide  may  be  ascertained.    Tho 

carbon  deducted  from  the  total  carbon  in  the  mixture,  will  give  ttot 

present  in  the  light  carburetted  hydrogen.    The  carbon  bdng  a8ce^ 

tained  in  this  gas,  its  hydrogen  may  be  inferred.    This  bydrom  do- 

ducted  from  the  total  hydrogen  present,  will  then  give  the  free  hf^ 

gen.  B.  o  * 
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SECTION  II. 

JU^TALYSIS  OF  MIJ^TERALS. 

Am  the  very  extensive  nature  of  this  department  of  analytical  che- 
mistry renders  a  selection  necessary,  I  shall  confine  my  remarks  solely 
to  the  analysis  of  those  earthy  minerals,  with  which  the  beginner 
usually  commences  his  labours.  The  most  common  constituents  of 
these  compounds  are  silica,  alumina,  iron,  manganese,  lime,  magnesia, 
potassa,  soda,  and  the  carbonic  and  sulphuric  acids  ;  and  I  shall,  there- 
lore,  endeavour  to  give  short  directions  for  determining  the  quantity 
of  each  of  these  substances. 

In  attempting  to  separate  two  or  more  fixed  principles  from  each 
other,  the  first  object  of  the  analytical  chemist  is  to  bring  them  into  a 
state  of  solution.  If  they  are  soluble  in  water,  this  fluid  is  preferred 
to  every  other  menstruum ;  but  if  not,  an  acid  or  any  convenient  sol- 
vent may  be  employed.  In  many  instances,  however,  the  substance 
io  be  analyzed  resists  the  action  even  of  the  acids,  and  in  that  case  the 
following  method  is  adopted : — The  compound  is  first  crushed  by 
means  of  a  hammer  or  steel  mortar,  and  is  afterwards  reduced  to  an 
impalpable  powder  in  a  mortar  of  agate :  it  is  then  intimately  mixed 
with  three,  four,  or  more  times  its  weight  of  potassa,  soda,  baryta,  or 
their  carbonates;  and,  lastly,  the  mixture  is  exposed  in  a  crucible  of 
silver  or  platinum  to  a  strong  heat.  During  the  operation,  the  alkali 
combines  with  one  or  more  of  the  constituents  of  the  mineral ;  and, 
consequently,  its  elements  l)eing  disunited,  it  no  longer  resists  the  ac- 
tion of  the  acids. 

Jlnalysia  of  Marble  or  Carbonate  of  Lime. — This  analysis  is  easily 
made  by  exposing  a  known  quantity  of  marble  for  about  half  an  hour 
to  a  full  white  heat,  by  which  means  the  carbonic  acid  gas  is  entirely 
expelled,  so  that  by  the  loss  in  weight  the  quantity  of  each  ingredient, 
supposing  the  marble  to  have  been  pure,  is  at  once  determined.  In 
order  to  ascertain  that  the  whole  loss  is  owing  to  the  escape  of  car- 
bbnic  acid,  the  quantity  of  this  gas  may  be  determined  by  a  compara- 
tive analysis.  Into  a  small  flask  containing  muriatic  acid  diluted  with 
two  or  three  parts  of  water,  a  known  quantity  of  marble  is  gradually 
added,  the  flask  being  inclined  to  one  side  in  order  to  prevent  the  fluid 
Ifom  being  flung  out  of  the  vessel  during  the  effervescence.  The 
diminution  in  weight  experienced  by  the  flask  and  its  contents,  indi- 
cates the  quantity  of  carbonic  acid  which  has  been  expelled. 

Should  the  carbonate  suffer  a  greater  loss  in  the  fire  than  when  de- 
composed by  an  acid,  it  will  most  probably  be  found  to  contain  water. 
This  may  be  ascertained  by  heating  a  piece  of  it  to  redness  in  a  glass 
tube,  the  sides  of  which  will  be  bedewed  with  moisture,  if  water  is 
present.  Its  quantity  may  be  determined  by  causing  the  watery  va- 
pour to  pass  through  a  weighed  tube  filled  with  fragments  of  the  chlo- 
ride of  calcium,  by  which  the  moisture  is  absorbed. 

Separation  of  Lime  and  Magnesia. — The  more  common  kinds  of 
carbonate  of  lime  frequently  contain  traces  of  siliceous  and  &la«^l^^^3^ 
earths,  in  consequence  of  which  they  are  nol  com^X^VcX^  ^vias^N^Vx^ 
dilute  muriatic  acid.    A  very  frequent  souTce  ol\vikV>^tvVj  *\%  t-^i^i^TiaS^ 
of  magnesia,  which  is  often  present  in  sucVi  qu^ivVVV^  ^<^\.\\.lwa»  ^"^^ 
cuUar  compound  called  magruiian  limestone.    TYift  voa^^^^A  ^v  ^^ 
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to  liir  •!  ffMptctt  caibonte  idd,b  the  wumm  ■■  thrt  of  — >> 

Uot  Tho  Mptntion  of  tbo  two  otrtlis  moy  bo  convmiootly  eflteliA 
fa  Hm  Ibllowing  oMDDer.  Tho  lolation  of  the  ralneiml  la  miftetic  mU 
toovMoimtod  to  perfeet  drynoat  In  a  flat  diih  or  c^oquufe  of  poieeUiL 
wad  altor  redittolving  tbo  lofldaani  in  a  modonto  qoandty  of  UrnXki 
wMtff»  A  lolution  of  tbo  oulate-of  Ammonia  if  oddod  as  Book  ai  a  fi»> 
dpitato  oomoa.  Tbeozal^toof  Hmo  la  tbon  allowed  to  aabtMai  e0l- 
loetod  on  a  fitter*  converted  ioto  qiilckUme  by  a  wblto  heat,  mk 
woliilied;  or  tbo  oxalate  m^  be  decompoeed  liy  a  lod  beat,  and  rfhr 
moiatonlag  tbo  leaultlng  cirbonate  with  a  atreng  eolotlon  of  cariMaali 
of  aamowa.  Id  order  to  iiipply  any  partlckM  of  qulckllaie  widi  caAaaie 
add,  it  tboold  bo  dried,  heated  to  low  redneaa,  and  tegaided  aa  p«a 
carbonate  of  Hme.  To  the  fi!tered  Uqaid,  oontalolng  the  mtt^jmfk^  m 
oseoaa  of  carbonate  of  ammonia,  and  then  pfaoaphatoof  aoda  ii  adii^ 
when  tbo  magneaia  In  Ibe  form  of  the  animonlaco-pboaphate  Is  fiad- 
pilatod.  Of  thia  precipitate,  boated  to  radneea,  100  partly  acemni 
to  Stromeyer,  eorreapood  to  87  of  pare  mai^neain. 

JEMJfey  Aii^Aafei.— The  most  abundant  of  tho  earthy  eo^phalai  h 
that  of  ttibe.  The  aoalyiit  of  tbii  compound  la  oaaily  efleeted.  9r 
boOioK  it  for  fifteen  or  twentv  minukea  with  a  eolation  oTtwtoe  m 
weight  of  carbonate  of  aoda,  doable  decomposition  ensoos;  mi  Iha 
eamnate  of  Ifane,  after  being  collected  on  a  filler  and  waihadwtt 
hot  water,  la  either  heated  to  low  rednosa  to  expel  the  walw,  aad 
weighed,  or  at  once  reduced  to  quicklime  by  a  white  heat.  Of  Am 
dry  carbooate,  fifty  parta  correspond  to  twenty-eight  of  lime.  The 
alkaline  solution  is  acidulated  with  muriatic  acid,  and  the  sulphuric 
acid  thrown  down  by  muriate  of  baryta.  From  the  sulphate  of  this 
earth,  collected  and  dried  at  a  red  heat,  the  quantity  of  acid  may  easily 
be  estimated. 

The  method  of  analyzing  the  sulphates  of  strontia  and  baryta  is 
somewhat  different.  As  these  salts  are  difficult  of  decomposition  ia 
the  moist  way,  the  following:  process  Is  adopted.  The  sulphate,  in 
fine  powder,  is  mixed  with  three  times  Its  weight  of  carbonate  of  sodt, 
and  the  mixture  heated  to  redness  in  a  platinum  crucible  for  the  space 
of  an  hour.  The  ignited  mass  is  then  digestsd  in  hot  water,  and  die 
insoluble  earthy  carbonate  collected  on  a  filler.  The  other  parts  of 
the  process  are  the  same  as  the  foregoing. 

Mode  of  analyzing  Compounds  of  Silica,  Alumina^  and  IrM^ 
Minerals,  thus  constituted,  are  decomposed  by  an  alkaline  carboaate, 
at  a  red  heat,  in  the  same  manner  as  sulphate  of  baryta.  The  mixtiin 
is  afterwards  digested  in  dilute  muriatic  acid,  by  which  means  all  the 
ingredients  of  the  mineral,  if  the  decomposition  is  complete,  aie  ik- 
sonred.  The  solution  is  next  evaporated  to  dryness,  the  beat  beia|; 
carefully  regulated  towards  the  close  of  the  process,  in  order  to  piefeol 
any  of  the  chloride  of  iron,  the  volatility  of  which  is  considerable,  fiom 
being  dissipated  in  vapour.  By  this  operation,  the  silica,  though  pre- 
viously held  in  solution  by  the  acid,  is  entirely  deprived  of  its  solobi- 
lity ;  so  that  on  digesting  the  dry  mass  in  water  acidulated  with  aw- 
natic  acid,  the  alumina  and  iron  are  taken  up,  and  the  silica  is  left  la 


lution  of  pure  ^ok^l^s^X^  «i^^«^\w  \cv<^«c^v&  %^^««fl ;  so  as  not  ooly  le 
throw  down  Ihoae  ox\Aw,>tt>iVV^  CCvmiCkVi^  ^^  \^\!qSwa..  *^t»k>(iMB> 
ide  of  Iron  la  then  coWetveA  oiv  ^  ^v«t^^^v\t^\»\^\  ^^^^SKi^^^HS^^A. 

•WId  b&i.     Of  1>U»  Yi^^taXe^  i^t»A^'«^^ VwVl-^Ba^  \!%3!v»  «ceib>fii 
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of  anhydrous  peroxide  of  iron.  But  the  most  accurate  mode  of  de- 
terminmg  its  quantity  is  by  expelling  the  water  by  a  red  beat.  This 
operation,  however,  should  be  done  with  care ;  since  any  adhering 
Mirticles  of  paper,  or  other  combustible  matter,  would  bring  the  iron 
into  the  state  of  black  oxide,  a  change  which  is  known  to  have  oc« 
curred  by  the  iron  being  attracted  by  a  magnet. 

To  procure  the  alumina,  the  liquid  in  which  it  is  dissolved  is  boiled 
with  sal  ammoniac,  when  the  muriatic  acid  unites  with  the  potassa, 
the  voktile  alkali  is  dissipated  in  vapour,  and  the  alumina  subsides. 
A»  soon  as  the  solution  is  thus  rendered  neutral,  the  hydrous  alumina 
if  collected  on  a  filter,  dried  by  exposure  to  a  white  heat,  and  quickly  ' 
weighed  after  removal  from  the  fire. 

Separation  of  Iron  and  Manganese, — A  compound  of  these 
meUds  or  their  oxides  may  be  dissolved  in  muriatic  acid.  If  the  iron 
is  in  a  large  proportion  compared  with  the  manganese,  the  following 
process  may  be  adopted  with  advantage.  To  the  cold  solution,  con- 
siderably diluted  with  water,  and  acidulated  with  muriatic  acid,  car- 
bonate of  soda  is  gradually  added,  and  the  liquid  is  briskly  stirred  with 
a  glass  rod  during  the  effervescence,  in  order  that  it  may  become 
hi«ily  charged  with  carbonic  acid.  By  neutralizing  the  solution  in 
this  manner,  it  at  length  attains  a  point  at  which  the  peroxide  of  iron 
is  entirely  deposited,  leaving  the  liquid  colourless ;  while  the  man- 
sanese,  by  aid  of  the  free  carbonic  acid,  is  kept  in  solution.  The 
uon,  after  subsiding,  is  collected  on  a  filter,  and  its  quantity  deter- 
mined in  the  usual  manner.  The  filtered  liquid  is  then  boiled  with 
an  excess  of  the  carbonate  of  soda ;  and  the  precipitated  carbonate  of 
manranese  is  collected,  heated  to  full  redness  in  an  open  crucible,  by 
which  it  is  converted  into  the  red  oxide,  and  weighed.  This  method 
is  one  of  some  delicacy ;  but  in  skilful  hands  it  affords  a  very  accu- 
rate result.  It  may  also  be  employed  for  separating  iron  from  mag- 
nesia and  lime  as  well  as  from  manganese. 

But  if  the  proportion  of  iron  is  small  compared  with  that  of  man- 
ganese, the  best  mode  of  separating  it  is  by  succinate  of  ammonia  or 
soda,  prepared  by  neutralizing  a  solution  of  succinic  acid  with  either 
of  those  alkalies.  That  this  process  should  succeed,  it  is  necessary 
that  the  iron  be  wholly  in  a  state  of  peroxide,  that  the  solution  be  ex- 
actly neutral,  which  may  easily  be  insured  by  the  cautious  use  of  am- 
monia, and  that  the  reddish-brown  coloured  succinate  of  iron  be 
washed  with  cold  water.  Of  this  succinate,  well  dried  at  a  tempera- 
ture of  212°  F,  90  parts  correspond  to  40  of  the  peroxide.  From  the 
filtered  liquid,  the  maneanese  may  be  precipitated  at  a  boiling  tem- 
perature by  carbonate  of  soda,  and  its  quantity  determined  in  the  way 
above  mentioned.  The  benzoate  may  be  substituted  for  the  succinate 
of  ammonia  in  the  preceding  process. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intended  to 
precipitate  iron  by  means  of  the  alkalies,  the  succinates,  or  benzoates, 
It  is  eeeential  that  this  metal  be  in  the  maximum  of  oxidation.  It  is 
easily  brought  into  this  state  by  digestion  with  a  little  nitric  acid. 

Separation  of  Manganese  from  Lime  and  Magnesia, — If  the 
quantity  of  the  former  be  proportionally  small,  it  is  precipitated  as  a 
■ttlphuret  by  the  hydrosulphuret  of  ammonia  or  potassa.    This  sul- 
phuret  is  then  dissolved  in  muriatic  acid,  and  the  man^^.tA'^^  ^^v«^ 
down  as  usual  by  means  of  an  alkali.    Bui  U  V!d«  iii^\i%^vGA%^\^^  ^^ 
ebhf  ingredient,  the  best  method  is  to  preci^^VVaVe  \\.  «X  owc^^V^^^"^^^ 
wiOt  the  two  earths,  by  a  fixed  alkaVine  caibouaAft  %X^\i^V)C\\^%^»«^ 
pmnture.    Jhe  precipitaite,  after  being  exposed  \o  ^.X^'W  ^^^^'^^JS 
weighed,  ia  put  into  cold  water  acidul&led  wVvVi  ^  dia^  o\  Vwo  ovts^ 
V  v2 
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teii],  wben  Ihe  liiii«  anil  inagnetti  will  be  ilaKly  diuolved  irilh  tSit- 
ee.     Should  ■  Itiire  o(  Ihe  mangineie  be  likewiK  UlieD  Dp,U 


rniy  eiiily  be  thrown  down  by  ihe  hydra«ulpbure( 

Meilt  of  analgting  an  Eaithy  Mintral,  tonlainiitg  Silita,  btn, 
Ahtmlna,  Mangaaete,  Lime,  anil  Magnena. — Tlio  mineral,  ttbiai 
10  &a»  powdor.  ii  ignited  wilh  Ihree  or  four  limes  its  weiKhl  ofcu- 
IwnMO  of  poUm  or  eoda,  IhemsM  ii  taken  up  in  dilute  muiiglkicid, 
»ad  the  •ilic»  wparaUd  la  Ihe  way  already  deacribed.  To  Ihe  hIo- 
lioDi  lliui  fntii  irom  (ilica,  tad  duly  acidulated,  cdibonale  of  uxti,  M 
■lill  bellai  lh«  biraibonale,  ii  KnJually  adiled,  to  >s  la  chtige  Ibe  K- 

Jiiiil  wllh  catboiiU  acid,  is  in  Ihe  analyiii  of  iron  and  maugincM.   U 
lb  DiaoDer  Ihe  iion  and  alumina  are  bIdds  preiripitaled,  lobstviitt, 

which  may  ba  aeparaleil  from  eath  other  by  |-  -  '       -  

(Page  644)     ThemanRar—   '= ' 

by  Ihe  piocessea  aliewJv  i 


[PageG44  )     The  maaganeie,  linie.  lod  loagneaia,  may  be daleinuMd 
by  Ihe  piocessea  abeaili  deaciibed. 

Anatt/iit  of  MinttoU  canlainine  a  Fixed  Alkali. — When  the  ob- 
ject i*  to  deWrmine  the  quaiiiuy  of&ied  alkali,  euch  ns  polaineiMili, 
il  ia  o(  courio  nefea^siy  lo  ibatain  from  ihe  employmenl  of  lb«e  » 
uenti  in  the  analysia  itself;  and  the  begfaner  will  do  well  ID  deiM 
tM  Rtlenlion  lo  Ihe  alkaline  in|>redlenU  Only.  On  Ihls  FUppullioBi 
ha  will  proceed  In  Ihe  faltowing  manner.  The  mineral  imilncadtt 
•  vefjr  tine  powder,  mlied  Inrimately  wllh  aix  limes  ita  weight  of  At 
aitiBclal  earbonale  of  baryta,  and  expoaed  for  aa  hour  la  a  «UM 
heal.  The  iEnilcit  mass  ii  dia^olved  in  dilute  muiiaiic  acid,  and  ibe 
aoiution  cvapor^led  lo  perfef  t  [!ryiie«.  The  soluble  parts  are  Wai 
Up  in  hoi  water;  aii  eiceracribe  carbanate  of  ammaniii  is  adM ;  tad 
Ihs  inaoluble  niBttei't  consistlnK  of  tilica,  carbonate  of  baiyti,iDd>ll 
theconitituenHof  the  mineral,  e»ceptinj(  the  Bied  alkali,  are  colKtt- 
edon  a  filter.  The  dear  solution  Ia  evaporated  to  dlyneMi^>po^ 
celain  capsule,  atid  the  dry  maas  ia  healed  to  redness  in  a  cnitible  dI 
platinum,  in  order  to  eipel  the  aalti  of  ammonia.  The  reiidue  is  Iba 
chloiUe  of  polB»ium  or  aodium. 

In  Ihia  analysis,  it  )>enen1ly  happens  that  (raeea  ofDianEanew,  lad 
aonietlmeaof  iron,  escape  pre  ri  pi  tat  ion  in  the  first  pari  of  the  piocWl 
tnd,  in  ihul  caKe,  they  should  be  thrown  down  by  hydiosulphnrel  >' 
immonia.  If  neither  lime  nor  mnenetia  is  present,  Ihe  alumina,  '""i 
and  manganefe,  may  be  acparated  by  pure  ammunia,  and  the  bi7U 
(Ubsequenlly  removed  by  the  carbonate  of  that  alkali.  By  thii  iM- 
Ihod  the  cBibonale  of  baryla  is  recovered  in  a  pure  state,  andtnijl* 
rraerved  for  another  analysis.  The  baryta  niiy  also  be  thrown  down 
U  a  sulphate  by  eulphuiic  acid,  in  which  case,  (bo  soda  or  potisn  '> 
procured  in  conibioalion  with  that  acid. 

The  analyMis  is  atlendcd  wllh  eonsldenble  Inconvenience,  nlK" 
magnecia  hapt>ens  to  be  present;  because  this  earth  is  not  complttil] 
precipitated  eiihei  by  ammonia  or  its  carbonate;  and,  Iherefore. •oi" 
ofil  remains  with  the  Gied  alkali.  The  hesl  mode  with  which  lin 
acquainted  for  elTi-cling  it)  scpatallon,  is  the  foMowing.  The  carlWD' 
Bte  of  ammoni.!  ia  first  added,  and  Ihe  phosphoric  acid  It  dropped  Mo 
the  liquid,  uolil  all  the  magnesia  is  thrown  down  in  the  form  of  am- 
■ooniaco-inegneiinn  phosphate.  The  excesa  of  phosphoilc  aciil  if  if' 
tirwaids  remored  by  acetate  afield,  and  thai  of  lead  by  eulphuTellol 
hydrogen.  The  ucvava  ol  ftiB  vX'it.'i  U  «ien  brought  lo  drynew,  ig- 
nited,  and  bj  Uia  »44\V.ioo  <A  aoXijt*'*  a^  uun»n&.  t.>»««v<d  iats  • 
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The  processor  filtering,  for  example,  is  one  on  which  the  ^fl^ 

success  of  atialyses  materially  depends.  iF*iltration  is  efTect*  Y 

ed  by  means  of  a  glass  funnel  B,  into  which  a  filter  C,  of  wSff'E 

nearly  the  same  size  and  form,  made  of  white  bibulous  pa-  r.  yf  .j 

per,  is  inserted.    For  researches  of  delicacy,  the  filter,  be-  \l 
lore  being  used,  is  macerated  for  a  day  or  two  in  water 
acidulated  with  nitric  acid,  in  order  to  dissolve  lime  and 

other  substances  contained  in  common  paper,  and  it  is  ^^ -^ 


afterwards  washed  with  hot  water  till  every  trace  of  acid  is  remoyed. 
It  is  next  dried  at  212%  or  any  fitcd  temperature  insufficient  to  decom- 
pose it,  and  then  carefully  weighed,  the  weight  being  marked  upon  it 
with  a  pencil.  As  dry  paper  absorbs  hygrometric  moisture  rapidly 
from  the  atmosphere,  the  filter,  while  l)eing  weighed,  should  be  incloi- 
ed  in  a  light  box  made  for  the  purpose.  When  a  precipitate  is  col- 
lected on  a  filter,  it  is  washed  with  pure  water  until  every  trace  of  the 
original  liquid  is  removed.  It  is  subsequently  dried  and  weighed,  as 
before,  and  the  weight  of  the  paper  subtracted  from  the  combined 
weight  of  the  filter  and  precipitate.  The  trouble  of  weighing  the 
filter  may  sometimes  be  dispensed  with.  Some  substances,  sucti  as 
silica,  alumina,  and  lime,  which  are  not  decomposed  when  heated 
with  combustible  matter,  may  be  put  into  a  crucible  while  yet  contain- 
ed in  the  filter,  the  paper  being  set  on  fire  before  it  is  placed  in  the  fur- 
nace. In  these  instances,  the  ash  from  the  paper,  the  average  weight 
of  which  is  determined  by  previous  experiments,  must  be  subtracted 
from  the  weight  of  the  heated  mass. 

The  tests  commonly  emploj'ed  in  ascertaining  the  acidity  or  alka- 
linity of  liquids  are  litmus  and  turmeric  paper.  The  former  is  made  by 
digesting  litmus,  reduced  to  a  fine  powder,  in  a  small  quantity  of 
water,  and  painting  with  it  white  paper  which,  is  fVee  from  alum. 
The  turmeric  paper  is  made  in  a  similar  manner ;  but  the  most  con- 
Yenient  test  of  alkalinity  is  litmus  paper  reddened  by  a  dilute  add. 


SECTION  III. 

AJ^ALYSIS  OF  MINERAL  WATERS. 

Rain  water  collected  in  clean  vessels  in  the  country,  or  freshly  fal- 
len snow  when  melted,  affords  the  purest  kind  of  wafer  which  can 
be  procured  without  having  recourse  to  distillation.    The  water  ob- 
tained from  these  sources,  however,  is  not  absolutely  pure,  but  con- 
tains a  portion  of  carbonic  acid  and  air,  absorbed  from  the  atmosphere. 
It  is  remarkable  that  this  air  is  very  rich  In  oxygen.     That  procured 
from  snow-water  by  boiling,  was  found  by  Gay-Lussac  and  Hum- 
boldt to  contain  34.8,  and  that  from  rain  water  32  per  cent  of  oxygen 
gas.     From  the  powerfully  solvent  properties  of  water,  this  fluid  no 
sooner  reaches  the  ground  and  percolates  through  the  soil,  than  it 
dissolves  some  of  the  substances  which  it  meets  with  in  its  passage. 
Under  common  circumstances,  it  takes  up  so  small  a  o^v^JCiVxv^  ^^  %»- 
reign  matter  that  its  sensible  proper\\es  ave  ivoV.  \wa\^x\^Vc^  -aSSft^Nfe^* 
Mnd  in  this  state  it  gives  rise  to  springs  U)ell,  aiv^  TWtt  n^^v^x,  '^^^'^^ 
times,  on  the  contrary,  it  becomes  so  8Vtou9,\>j  \\tv^\^^^'^^^  "^^^i^ 
IJae  and  other  substances,  that  it  acquvcoa  ^  ^^tuVv^t  ^A.H^^t'k^s^ 


l^iMlinilT-lit'^'  ■ — -     BliAwkMmtrA*«M 

'    hMralteoIfr. 

«  aanpoaitian  ofapriag  nalet  is  dependent  od  the  nilure  of  the 
MM  lhfe«i(h  -which  it  flowa.  1(  it  has  filieied  through  primitiie  aUili, 
Mah  M  qnarti  rock,  Btanlte,  and  tha  like,  it  is  ia  genenl  very  iiute ; 
bVl  H  It  M«»la  with  iTmeatane  or  gypsum  in  its  passage,  a  poilloD  of 
nM  nIU  h  diuolred,  and  camiDUDicsIea  the  property  called  luiri- 
tUM.  Hud.  ir>l«r  ii  characleriied  by  decomposiag  soap,  the  iiioe  tl 
tta  btpM  jiBliliDj  an  hisaluble  cainpound  with  Ihe  acid'  af  the  lit- 
Mr*  If  Owl  ddlecl  is  owing  to  the  presence  of  carboaste  of  liiiia,il 
ll  fMBjP  nnedied  by  faoiiiag,  when  free  carbonic  acid  U  expelled, 
aad  Aa  iBNIuble  carbonate  of  lime  subBides.  If  lulphale  of  lime  a 
MNBi^  dw  addilioD  of  a  little  ciiboDBle  of  soda,  by  predpttaliag  (be 
■ta«k  aaavMli  the  hard  into  soft  water.  Besides  Iheae  iogredienll, 
th*  amlUH  of  liiDe  and  lodi  are  frequeally  conlaioed  in  sprlDi 

SpdH  i?lw,  )m  caaMqnMM  V  Us  nUiM  inpNfDtlfa^k  ftp- 
fwally mat lb>  cttwlaalpuipotw, apd  on  dMM  OBfiitiH  MM 
«Uk  If  tMlond.  DMdatlaa  nnba  pttrfb(B«dMa«wlnl| 
WMMaraiMert.lBtUlMd)rerwUA  wMn  b  intai»t4 
AOb  Aa  BoaiwMd  fnaat  i*  raealTad  Id  a  Am  tmk,  oINIaiv- 
«4tel,«Ucki•ad^rtadl<>l•*batk««paB  MdMnl^.  VMm- 
ttm  b  MM  contwlMdt  eaadiietad,  kowmr,  by  naaaa  gf  a  rfL 

Hw  dlUferenl  ktodi  of  mineral  tnler  may  fa«  eon*eide>llr  •>■ 
raiind  for  the  purpoM  of  deaciiption  io  Ibe  «lz  diviaiuit  of  acidatM, 
altaline,  chalybeate,  lulpburaus,  aaline,  and  atliceoua  epringi. 

1.  Aciduloui  aprioga,  of  which  thaie  of  Sellzer,  Spa,  PyrDWDl,  mi 
Ctlbbad  are  (ha  moat  celebrated,  commoDiy  owe  Ibeli  acMlQ'la  tba 
pcsaeuce  of  free  caibonic  acid,  in  caoaequence  of  the  escapa  ofaUcb 
tbcy  ipiirkle  when  pouted  from  one  veasel  into  another.  Such  eii- 
bontled  water)  caonnunieate  a  red  lint  to  litmus  paper  before,  tnt 
not  after  being  boiled,  and  Ihe  redness  diranDearB  on  exponira  is  tbe 
air.  Mixed  with  a  suffident  quanUly  ottme-water,  they  beeoag 
turUd  from  the  drpoaition  of  carbonate  of  lime-  They  ^eqaentlyeoe- 
talnlha  carbonatesof  lime,  magnesia,  and  Iron,  in  consequence  of  Iha 
facility  with  which  Ihefc  nlU  ar«  diaaolved  by  water  chargeii  iritk 
carbonic  acid. 

TIm  l>esl  modeiof'deteminlng  the  quantity  of  c 
bonic  acid  is  by  healing  a  portion  of  the  water  in  •  flu 
as  in  the  annexed  figure,  and  receiring  Ihe  carbonic  acid 
by  meaoa  of  a  bent  tubo,  in  a  graduated  jar  filled  with 


^1 


3.  Alkaline  walera  are  tucb  as  contain  a  free  or  carbonated  alkiH, 
and,  eonsequeatly.  either  in  (beir  natural  slate  or  trben  eoDcentnlii 
by  erapantlon,  poaaess  an  alkaline  reaction. 

Tbeee  apriaa  are  rare.  Tbe  bait  Instance  I  han  met  wllb  it  tt 
waWr  collected  at  Ihe  Pumte,  St.  Hiebaele,  South  AmeHea,  and  sat 
te  (ha  Bojat  Society  of  Edinbar^  by  Lord  Napier.    Thew  iprtap 

*  Dr  TumeMka  doiAi\  d\a&u\i«e  \n  ^cXGiu^tAE.'uA  ^^vL^dth 
into  which  Ibaoa  u»&\li  OwWaAcU!o»tA.tiaii«>at«re«iMik>i\«r 
PoiUfie»tton.  B. 
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contain  carbonate  of  soda  and  carbonic  acid,  and  are  almost  entirely 
free  from  earthy  substances.  Most  of  five  different  kinds  of  these 
waters  which  I  examined,  also  contained  protoxide  of  iron,  sulphuret- 
ted hydrogen,  and  muriate  of  soda. 

8.  The  chalybeate  waters  are  characterized  by  a  strong,  styptic, 
inky  taste,  and  by  striking  a  black  colour  with  the  infusion  ofgall- 
nata.  The  iron  is  sometimes  combined  with  muriatic  or  sulphuric 
acid ;  but  most  frequently  it  is  in  the  form  of  a  carbonate  of  the  pro- 
toxide, held  in  solution  by  free  carbonic  acid.  On  exposure  to  the  air, 
the  protoxide  is  oxidized,  and  the  hydrated  peroxide  subsides,  causing 
tbeoohreousdeposite,  so  commonly  observed  in  the  vicinity  of  chalyb- 
eate springs. 

To  ascertain  the  quantity  of  iron  contained  in  a  mineral  water,  a 
known  weight  of  it  is  concentrated  by  evaporation,  and  the  iron 
brought  to  the  state  of  peroxide  by  means  of  nitric  acid.  The  per- 
oxide IS  then  precipitated  by  an  alkali  and  weighed ;  and  If  lime  and 
magnesia  are  present,  it  may  be  separated  from  those  earths  by  the 
process  described  in  the  last  section. 

Chalybeate  waters  are  by  no  means  uncommon;  but  the  most 
noted  in  Britain  are  those  of  Tunbridge,  Cheltenham,  and  Brighton. 
The  Bath  water  also  contains  a  small  quantity  of  Iron. 

4.  The  sulphurous  waters,  of  which  the  springs  of  Alx  la  Chapelle, 
Harrogate,  and  Moffat  afford  examples,  contain  sulphuretted  hydro- 
gen, and  are  easily  recognised  by  their  odour,  and  by  causing  a  brown 
grecipitate  with  a  salt  of  lead  or  silver.  The  gas  is  readily  expelled 
y  boiling,  and  its  quantity  may  be  inferred  by  transmitting  it  through 
a  solution  of  acetate  of  lead,  and  weighing  the  sulphuret  which  is 
generated. 

5..  Those  mineral  springs  are  called  saline  which  do  not  belong  to 
either  of  the  preceding  divisions.  The  salts  which  are  most  frequently 
contained  in  these  waters,  are  the  sulphates,  muriates,  and  carbonates, 
of  lime,  magnesia,  and  soda.  Potassa  sometimes  exists  in  them,  and 
Berzellus  has  found  lithla  'n  the  spring  of  Carlsbad.  It  has  lately  been 
discovered  that  the  presence  of  hydriedic  acid  in  small  quantity  is  not 
anfrequent*.  As  examples  of  saline  water  may  be  enumerated  the 
springs  of  Epsom,  Cheltenham,  Bath,  Bristol,  Har^ges,  Buxton,  Pit- 
caithly,  and  Toeplitz. 

The  first  object  in  examining  a  saline  spring  is  to  determine  the 
nature  of  its  Ingredients.  Muriatic  acid  is  detected  by  nitrate  of 
silver,  and  sulphuric  acid  by  muriate  of  baryta;  and  if  an  alkaline  car- 
bonate be  present,  the  precipitate  occasioned  by  either  of  these  tests 
will  contain  a  carbonate  of  silver  or  baryta.  The  presence  of  lime  and 
magnesia  may  be  discovered,  the  former  by  oxalate  of  ammonia,  and  the 
latter  by  carbonate  of  ammonia  and  phosphoric  acid.  Potassa  is 
known  by  the  action  of  muriate  of  platinum.  (Page  234.)  To  detect 
soda,  the  water  should  be  evaporated  to  dryness,  the  deliquescent 
salts  removed  by  alcohol,  and  the  matter  insoluble  in  that  menstruum 
taken  up  by  a  small  quantity  of  water,  and  allowed  to  crystallize  by 
spontaneous  evaporation.  The  salt  of  soda  may  then  be  recognised 
by  the  rich  yellow  colour  which  it  communicates  to  flame.  (Page  286.) 
If  the  presence  of  hydrlodic  acid  is  suspected,  the  solution  is  brought 
to  dryness,  the  soluble  parts  dissolved  in  two  or  three  drachms  of  a 


•  The  salt  spring  at  TheodorshaWe,  \n  Ge.tiu^ti'j » toTiVi\»»^ 
idenbh  quaatity  ofbiominen  See  note  v^^'^  ^^^*  ^* 
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6M.         Awlytit  ^  Jiiwrol  W^tmm. 

Mil  mMm  if  HMchp  ni  9tamg  wlffenrie  adA  pate^'^M. 

MMtltf  may  ba  detemlMd  by  eruMmlliig  «  pint  ofmlK  to  4i^ 
mm^\mltaig  to  low  uttoiMi  >nd  welilhing  the  wddn>.  laipteto 
i^bi  an  isaet  aHlyilai  a  dwi  cfaaBtt^  m  tlia  miBaial  watei  heoa- 
OMfttiatnrtin  an  fmnmnf ny '^■*"  n*  iw,^« ^^^  k^  ^.^^  TrllhtintTWiiM 
•Uhar  pneipltetloo  «r  emtalliiatioii,  and  tha  laA^ 
Inia  two  ami  parta.  Fkoni  ona  portion  tha  anqplHiiie^  and  cwbMia 
Midi  aia  uiown  down  by  nltiato  ofbanrta,  and  aftar  eiiMte 
tka  piadpitafta  on  a  filtar,  tha  nunlatie  add  ia  nadpllalBd  H^  it 
into  of  iUTar.  TbamlxadmlpliataaDdearbonateiooxpoaadtoalMr 
lid  haat^md  waighad;  and  tha  latter  ia  than  diaaolfodlnr  dDatoM- 
ilatio  actid,  and  Ito  qnantl^  datarmlnad  by  wdgMag  tka  niphite. 
Tha  ihloilda  ofaUfor*  of  which  146  porta  eorraapond  to  VTof  nwirtiB 
%dd,1iiiiiadfai  a  platinom  fpoon  or  craelble,  in  oidorto  rante  it 
qoMa  fiao  from  molftiira.  To  iho  otbor  half  of  the  concantntid  nl- 
Biial  watar»  onhto  of  ammonlate  added  for  the  purpooe  of  piadpitilki 
tha  Hbo  ;  and  the  mtgnada  ia  afterwaida  thrown  down  aa  tha  aaw»* 

lieadd.  rnvtOK  thna  datennined  tha  weight  of  each  of  the  fiiad  ia- 
mUinti,  eicaptfaif  tha  ioda,  the  loaa  of  coarao  givea  the  qiiia%of 
nat  alkaH:  or  it  may  be  procured  In  a  aeparato  atato  by  the  pneiw 
daaeribad  b  tha  foragolng  taction. 

The  individual  constitueDts  of  the  water  being  ImowD,  it  remaim  to 
detennine  the  state  in-  whicli  they  were  originally  combined.  Ii  t 
mineral  water  containing  sulphuric  and  muriatic  acids,  lime  and  sodit 
it  is  obvious  that  three  cases  are  possible.  The  liquid  may  cootaa 
aulphate  of  lime  and  muriate  of  soda,  or  muriate  of  lime  and  sulphite 
of  0oda,  or  each  acid  mav  be  distributed  between  both  the  bases.  It 
waa  at  one  lime  supposed  that  the  lime  must  t>e  in  combination  with 
aolphuric  acid,  because  the  sulphate  of  that  earth  is  left  when  the 
water  is  evaporated  to  dryness.  This,  however,  by  no  means  follows. 
In  whatever  state  the  lime  may  exist  in  the  original  spring,  gypsoa 
will  be  generated  as  soon  as  the  concentration  reaches  that  degree  at 
which  sulphate  of  lime  cannot  be  held  in  solution.  The  late  Dr  Mur- 
ray*, who  treated  this  question  with  much  sagacity,  observes  thit 
floma  mineral  waters,  which  contain  the  four  principles  above  men- 
tioned, possess  higher  medicinal  virtues  than  can  be  justly  ascribed  to 
the  presence  of  sulphate  of  lime.  He  advances  the  opinion  that  alka- 
line bases  are  united  in  mineral  waters  with  those  acids  with  whid 
thay  form  the  most  soluble  compounds,  and  that  the  insoluble  saitt 
obtained  by  evaporation  are  merely  products.  He  therefore  proposal 
to  arranp;e  the  substances  determined  by  analysis  according  to  tliii 
aopposiuon.  To  this  practice  there  is  no  objection ;  but  it  is  prohabis 
that  each  acid  is  rather  distributed  between  several  bases  than  con* 
bined  exclusively  with  one  of  them.  (Page  108.) 

Sea-water  may  be  reg^ed  as  one  of  the  saline  mineral  waters.  Ii 
taste  is  disagreeably  bitter  and  saline,  and  its  fixed  constituents  amooit 
to  about  three  per  cent  Its.  specific  gravity  varies  from  1.0269  0 
1.0285;  and  it  freezes  at  about  28.6°  F.  According  to  the  analydiof 
Dr  Murray,  10,000  yarU  of  water  from  the  frith  of  Forth  contaii 
220.01  parts  ol  commoxi  %iNX^^\^  ^\.  va\^VAi<^  of  soda,  42.08  of  mt 
riato  of  magneaV^ ,  vn^  *l  ^^^  <^^  iBKKn»\ft  tA\i\sk^.  \^x^  ^s\^\!!k\w Vm  da* 


•  FhV\oaopVAttt\  ttwai^c^wa  ^\^^iJop»,^^-*^^\^ 
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tecteU  potassa  in  sea-water,  and  it  likewise  contains  small  qoantlties 
of  hydriodic  and  hydrobromic  acids. 

llie  water  of  the  Dead  Sea  has  a  far  stronger  saline  impregnation 
than  sea-water,  containing  one-fourth  of  its  weight  of  solid  matter. 
It  has  a  peculiarly  bitter,  saline,  and  pungent  taste,  and  its  specific 
gravity  is  1.211.  According  to  the  analysis  of  Dr  Marcet,  100  parts 
of  it  are  composed  of  muriate  of  magnesia  10.246,  muriate  of  soda 
10.36,  muriate  of  lime  3.92,  and  sulphate  of  lime  0.054.  In  the  river 
Jordan,  which  flows  into  the  Dead  Sea,  Dr  Marcet  discovered  the 
same  principles  as  in  the  lake  itself. 

6:  Siliceous  waters  are  very  rare,  and  in  those  hitherto  discovered 
the  silica  appears  to  have  been  dissolved  by  means  of  soda.  The  most 
remarkable  of  these  are  the  boiling  springs  of  the  Geyser  and  Rykum 
in  leeland,  a  gallon  of  which,  according  to  the  analysis  of  Dr  Black, 
contains  the  following  substances:  (Edinburgh  Philos.  Trans,  iii.  96.) 


Geyser, 

JRykum, 

Soda, 

5.56 

3.0 

Alumina, 

2.S0 

0.29 

Silica, 

.      31.50 

21.83 

Muriate  of  soda. 

.      14.42 

16.96 

Sulphate  of  soda. 

8.57 

7.63 

The  hot  springs  of  Pinnarkoon  and  Loorgootha  are  analogous  to 
the  foregoing.  A  gallon  of  the  water  yields  about  24  grains  of  solid 
matter ;  and  the  saline  contents  sent  to  Dr  Brewster  by  Mr  P.  Bre- 
toOy  I  found  to  contain  21.5  per  cent  of  silica,  19  chloride  of  sodium> 
19  sulphate  of  soda,  19  carbonate  of  soda,  pure  soda  6,  and  15.5 
water.  (Edinburgh  Journal  of  Science,  No.  xvii.  p.  97.) 


ERRATA. 

Page  86,  line  25,  for  numerator,  read  denominator.  This  error 
occurs  only  in  part  of  the  impression.  Page  41,  line  18,  for  180°,  read 
680''.     Page  473,  line  18,  for  bases,  read  basis. 
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TABLE  I. 

TABLE  of  Chemical  Equivalents ^  Atomic  Weights ,  or  Propor- 
tional JVumbers,  Hydrogen  being  taken  as  unity. 

IN  preparing  the  following  tabular  view  of  the  atomic  weights,  I  have 
chiefly  consulted  the  table  published  by  Dr  Thomson  in  his  First 
Principles  of  Chemistry,  and  by  Mr  Phillips  in  the  new  series,  10th 
Tolume,  of  the  Annals  of  Philosophy.  From  the  full  account  already 
given  of  the  Laws  of  Combination  and  of  the  Atomic  Theory,  it  will 
be  superfluous  to  describe  the  uses  of  the  table.  The  only  explana- 
tion required  on  this  subject,  relates  to  the  ingenious  contrivance  of 
Dr  Wollaston,  called  the  Scale  of  Chemical  Equivalents.  This 
useful  instrument  is  a  table  of  atomic  weights,  comprehending  all  those 
substances,  which  are  most  frequently  employed  by  chemists  in  the 
laboratory  ;  and  it  only  differs  fiom  other  tabular  arrangements  of  the 
same  kind,  in  the  numbers  being  attached  to  a  sliding  rule,  which  is 
divided  according  to  the  principle  of  that  of  Gunter.  From  the  ma- 
thematical construction  of  the  scale,  it  not  only  serves  the  same  pur- 
pose as  other  tables  of  atomic  weights,  but  in  many  instances  super- 
sedes the  necessity  of  calculation.  Thus,  by  inspecting  the  common 
table  of  atomic  weights,  we  learn  that  88  parts,  or  one  equivalent  of 
sulphate  of  pdtassa,  contain  40  parts  of  sulphuric  acid  and  48  of  pot- 
assa  ;  but  recourse  must  be  had  to  calculation,  when  it  is  wished  to 
determine  the  quantity  of  acid  or  alkali  in  any  other  quantity  of  the 
salt.  This  knowledge,  on  the  contrary,  is  obtained  directly  by  means 
of  the  scale  of  chemical  equivalents.  For  example,  on  pushing  up  the 
slide,  until  100  marked  upon  it  is  in  a  line  with  the  name  sulphate  of 
potassa  on  the  fixed  part  of  the  scale,  the  numbers  opposite  to  the 
terms  sulphuric  acid  and  potassa,  will  give  the  precise  quantity  of 
each  contained  in  100  parts  of  the  compound.  In  the  original  scale  of 
Dr  Wollaston,  for  a  particular  account  of  which  I  may  refer  to  the  Phil- 
osophical Transactions  for  1814,  oxygen  is  taken  as  the  standard  of 
comparison  ;  but  hydrogen  may  be  selected  for  that  purpose  with  equal 
propriety,  and  scales  of  this  kind  hare  been  prepared  for  sale  by  Mr 
Boswell  Reid  of  Edinburgh. 
Ww 
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{51  Pnnit)  50 

c  Iw.*  59 
anenic,  (a.  38  -|-  oz. 

20  Bcrz.)  58 
mrwnioas*  (a.  38  +  ox. 

13  Ben.)  50 

benzoic  120 
bormcic,  (b.  8  +  ox.  16)    24 

c  2w.  42 
bromic,  (b.  75  4-  ox. 

40}                          •  115 
cmrbonic,  (carb.  6  •!- 

ox.  16)      .  .22 

cbionc.  (chl.  36  4. 

ox.  40)     .  76 
cbloriodic,   (ch).   72 

+  io<l.  124;           .  >196 

chlorocarbonic,  (chi.  36 

-f  carb.  oxide  14)  50 
cblorocyanic,     (chL 

36  -j-  cvaji.  26)   .  62 
chromic,  (chr.  32  -4- 

ox. 2U)      .            .  52 

citric,                         .  58 

c.  'Jw.                     .  76 

coliimbic,   .                .  *209 

flaoboric,                   .  *  68 

formic,                         .  37 

ftuosilicic,                  .  '26.86 

p*l^»t\  .        ^  63 

hvdriodic,   (iod.   1J4 

'-I- hyd.  r  .         125 

hydrobromic,  (b.  75 

'-f  Ind.  1)  .76 

hvdrocvanic,    (cyan. 

'.:6-+-' hyd.  1)         .         27 
hydrofluoric,  .    19.86 

hyposulpburous, 

^8.32  +  ox.  8)      .         40 
hyposulpimric,  (s.  32  -f- 

ox.  4())      .  .         72 

iodic,    (iod.   124    -|- 

ox.  40)       .  .       164 

malic,  .  .       ?70 

manganeseous,         .       ?  52 
mangancsic,  .       ?  60 

molvbdic,      .  .        72 

ic,  (chl.  36  + 
H)      •  .37 


Acid,  nitric,  dry,  (nit  14 

-f  ox.  40)  54    < 

nitnc,  liquid  (ip.  gr.  f 

1.5)  (2w.)  72    1 

nitrous  (nit.    14  -|- 

OX.32)      .  .      46 

oxalic,  06 

c.  4w.  (3w.  Prout)      72 
perchloric,    (chL  36 

+  ox.  56)  .     92 

phosphorous^ 

(p.  15.71  +  ox.  12)  27.71 
phosphoric,  (p.  15.71 

+  OX.20)  .35.71 

saccholactic,  .  ?104 

selenious,  (seL  40  + 

ox.  16)     .  .56 

seleiuc,  (sel.  40  -f 

ox.  24)      .  .64 

succinic,       .  50 

sulphuric,  dry,  (s*  16 

+  ox.  24)  40 

sulphuric,  liquid,  (sp.  gr. 

1.8485,)  (Iw.)     .      49 
sulphurous,  (s.  16  + 

ox.  16)      .  .      32 

tartaric,         .  65 

c.  Iw.        .  .      75 

titanic,  .  .       48 

tiingstic,        .  .     12t' 

uric,  (90  Prout)       .      "i- 

Alcohol,   (ol.   gas  14  -f  ' 

aq.  vap.  9)  .       2j 

Alum,  anhydrous,  .     26' 

c.  25w.  .  .     4^ 

Alumina,  .  IS 

sulphate,       .  .      5S 

Aluminium,         .  .       10 

Ammonia,    (nit.    14   -f 

hyd.  3)  .  .      1:  I 

Antimony,  ,  .       44 

chloride,  (ant.  44  + 

chl.  36)     .  .      « 

iodide,    (ant.    44  -f 

iod.  124)  .  .      163 

protoxide,    (ant.    44 

+  ox.  8)  .       £ 

deutoxide,    (ant.   44 

-f  ox.  12)  .       5^ 
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Antimony,  peroxide, 

(ant.  44  -f-  ox.  16) 

sulphuret,    . 
Arsenic, 

sulphuret,  (realgar) 

sesquisulphuret*  (or 
piment)     . 

persulphuret,  (a.  38 
4-  8.  40) 
Barium, 

chloride, 

iodide, 

protoxide,  (baryta) 

peroxide, 

phosphuret, 

sulphuret,     . 
Bismuth, 

chloride, 

oxide, 

iodide, 

phosphuret, 

sulphuret. 
Boron, 
Bromine, 
Cadmium, 

chloride, 

oxide,  • 

iodide, 

phosphuret, 

sulphuret,    . 
Calcium, 

chloride, 

iodide, 

protoxide,  (lime) 

phosphuret, 

sulphuret,    . 
Carbon, 

bisulphuret,     (carb 
6.  -f  8.  32) 

chloride, 

perchloride,     (carb 
12  -f  chl.  108) 

oxide, 

phosphuret, 
Cenum, 

protoxide,    (cer.   50 
+  ox.  8)  . 

peroxide,    (cer.    50 
-y  ox.  12) 
Chlorine, 


Chlorine,  h3rdrocarburet, 

60  (chl.  36. -4- ol.  gas  14)    50 

60  protoxide,    (chL   36 

38  -l-ox-8)  •            •  ^ 

54  peroxide,  (chl.  36  -|- 

ox.  32)     .            .  68 

62  Chromium,         .            .  33 

protoxide,    .            .  40  . 

r8  Cobalt,  (29.5  Rothoff)  26 

70  chloride,       .            .  62 

106  iodide,          .             .  150 

194  protoxide,  (cob.  26 

78  4-  ox.  8)               .34 

86  peroxide,   (cob.    26 

85.n  -f  ox.  12)             .  38 

86  phosphuret,             .  41.71 

72  sulphuret,    .            ^  42 

108  Columbium,                    .  ^185 

80  Copper,  (32  Thomson)  64 

196  chloride,       .            .  100 

87.71  bichloride,    .            .  136 

88  iodide,          .            .  188 

8  protoxide,     .            .  72 

?75  peroxide,      .            .  80 

56  phosphuret,              .  79.71 

92  sulphuret,     .            .  80 

64  bisulphuret,              .  96 

180  Cyanogen,  (carb.  12  + 

71.71  nit.  14.)    .            .  26 

72  bisulphuret,    (cyan. 

20  26+8.32)            .  58 

56  Ether,  (ol.  gas  28  +  aq. 

144  vap.  9)      .            .  37 

28  Fluorine,                         .  18.86 

35.71  Glucinium,         .            .  18 

36  Glucina,              .            .  26 

6  Gold,      .            .            .200 

chloride,       .            .  236 

38  bichloride,    .            .  273 

42  iodide,           .            .  324 
protoxide,  (g.  200  -+- 

120  ox.  8)        .            .  ?  208 

14  peroxide,  (g.  200  + 

21.71  ox.  24)      .            .  ?  224 

50  sulphuret,  (g.  200  4- 

s.  48)        .            .  248 

58  Hydrogen,                      .  1 

arseniuretted,           .  39 

62  carburetted,  ^<i"ax\i.  ^  -V 

36  Y\yd.  ^^ 


1  proportional  of  ars^nVc,  and  1^  a>iV?g\k>^x« 
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^^ 

■~l 

Mercury,  iodide, 

3M 

■elenlurctt«d. 

14 

biniodide,      . 

Hi    1 

41 

ppotoiide,     . 

308     1 

.ulpbureMed, 

17 

peroxide,      . 

316      1 

33. 

sulphuret,     . 

216 

Iodine,    . 

124 

332 

Iridium, 

no 

48 

Iron, 

protoxide,  (m 

48  + 

chloride,   (ir.  28  + 

ox.  S) 

56 

ehl.  36)      . 

54 

48  + 

perchloride,   (Ir.  38 

ox.  16)    \ 

54 

+  cm.  54) 

S3 

peroxide    (molybdic 

iodide. 

152 

^:id)(m.48  +  o>.34)72 

pnHmods,  ("r.at  + 

makti,  . 

,  i>^ii.(feaB  + 

X 

■   cUdride,      . 

01 

wtW)     . 

40 

a»  + 

S 

PtoA(i^ 

38  + 

3t 

Lwd,     ■ 

IM 

OX.U)      . 

38 

protoiide,  (1.104+. 

140 

SgST: 

« 

ox.  8)        . 

113 

KltTOg^a, 

14 

deutoiide,  (1. 104  + 

ox.  13)      . 

116 

chloride,    (n. 

14  + 

peroxide,  (1.  104  + 

cU.  144}  . 

158 

01.  15)      . 

120 

iodide,  (a.  14  +  iod. 

372) 

386 

.ulphuret,    . 

120 

protoxide,  (n 

14  + 

Lithium, 

10 

ox.  8)        . 

'   22 

chloride,       . 

46 

deutoxide,  (n 

14  + 

iodide. 

134 

ox.  16)       . 

30 

oride,  (lithiB) 

18 

?S^X     : 

8 

26 

S6 

Magnesium, 

12 

oxide. 

M 

chloride,       . 

48 

Fbosphonu, 
chloride,       . 

1J.71 

20 

51.71 

sulpliuret,     . 

23 

bichloride,    . 

87.71 

cTiloridc,  (m.  28   + 

38 

Cikrburet, 

21.71 

31.71 

ohi,  36)     . 

54 

Platinum, 

96 

pcpchloride,  (m.  38  + 

chloride,       . 

133 

chl.  144) 

ir2 

bichloride,   . 

168 

protoxide,  (m.  38  -1- 

protoxide,     . 

IM' 

ov8)      V            . 

36 

deutoxide,    . 

Hi 

deutoiide,  (ih.  28  + 

wlphuret.     . 

119 

01. 13}       .            . 

40 

128 

peroxide,  (m.  28  + 

PotusiuED, 

40 

os.l6^       .            . 

M 

chloride,      . 

76 

sulpliuret. 
Mercury,  .     'ino 

chloride,  (.cabmte^l  ■      ^13^ 
faictilotide.  (.corto«.»v^>-^  "^^ 
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potassium,  phosphuret,    55.71 


sidphuret,    . 

56 

Rhodium, 

44 

protoxide,    . 

52 

peroxide, 

60 

Selenium, 

40 

Silica,    . 

16 

Silicium, 

8 

Silver, 

110 

chloride. 

146 

iodide. 

234 

oxide. 

118 

phosphuret. 

125.ri 

sulphuret,    . 

126 

Sodium, 

24 

chloride, 

60 

iodide, 

148 

protoxide,  (soda) 

32 

peroxide,  (s.  24  -f 

ox.  12)     . 

36 

phosphuret. 

39.71 

sulphuret,    . 

40 

Strontium, 

44 

chloride, 

80 

iodide. 

168 

protoxide,  (strontia) 

52 

phosphuret^ 

.  59.71 

sulphuret,    . 

60 

Sulphur, 

16 

chloride, 

52 

iodide. 

.       140 

phosphuret, 

.  31.71 

Sulphuretted  hydro^Hj 

17 

Tellurium,  (Berzelius) 

32 

chloride* 

68 

oxide. 

40 

Tin, 

58 

chloride. 

94 

bichloride,  . 

130 

protoxide,    . 

66 

deutoxide,   . 

74 

phosphuret. 

.  73.71 

sulphuret,    . 

74 

bisulphuret. 

90 

Titanium, 

32 

protoxide,    . 

?40 

deutoxide  (titanic  a( 

5id)  48 

Tungsten, 

96 

deutoxide,    (brown 

) 

(t.  96  +  ox.  16)  . 

112 

tritoxide  Ctungstic  w 

cid) 

(t.  96  -f  ox.  24) 

130 

Ww2 

Uranium, 

protoxide,    . 

deutoxide,   . 
Water, 
Yttrium, 

oxide,  (yttria) 
Zinc, 

chloride, 

oxide, 

phosphuret, 

•sulphuret,    . 
Zirconium, 
Zirconia, 


308 

316 

324 

9 

34 

42 

34 

70 

42 

49.71 

50 

?25 

?33 


SdUs> 

Acetate  of  alumina, 

c.  Iw. 
ammonia,     . 

c.  7w. 
baiyta,         . 

C.    ijYI*  . 

cadmium,  (c.  2w.) 
copper,  (acid  50  + 
perox.  80) 
c.  6w.  (com.  ver. 

digris) 
binacetate, 

c.  3w.  (distilled  ver- 
digris) 
subacetate, 
lead, 

C.  Uti »  . 

lime, 

magnesia, 

mercury,  (c.  4w. ) 

potassa, 

silver, 

strontia,  (c.  Iw.) 

zinc, 
c.  7w. 
Arseniate  of  lead, 

lime, 

magnesia,     . 

potassa, 

binarseniate,  (c.  2w.) 

soda, 

binarseniate,  (c.4w.) 

strontia, 

silver, 
AxsetviVe  o^Yltdl^> 

potaa&9^ 

«odss 


68 

77 

67 
130 
128 
155 
132 

130 

184 
180 

207 
210 
163 
189 

78  - 

70 
294 

98 
168 
111 

92 
155 
170 

86 

78 
106 

182 

90 

184 

110 
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Anenite  of  Silver, 

168 

Oxalate  of  Bme, 

64 

Carbonate  of 

nickel. 

70 

ammonim. 

39 

potassa. 

84 

sesquicarb.  (acid 33 

c.  Iw. 

93 

4ani.l7  +  w. 

.9)  59 

binozalate. 

.      120 

bicarbonate  (Iw. 

)      70 

c.  2w. 

138 

bar>-ta. 

.     100 

quadroxalate. 

193 

copper,  (acid  88  + 

c  7w. 

.      255 

perox.  80) 

102 

strontia. 

88 

iron,  (acid  22  + 

binoxalate. 

.      124 

protox.  36) 

58 

Phosphate  of  ammonia, 

lead. 

134 

(c.  2w.)  . 

.   70.71 

lime. 

50 

baryta. 

.  113.71 

magnesia,     . 

42 

lead. 

.  147.71 

manganese. 

58 

lime. 

.   63.71 

potassa. 

70 

magnesia,     . 

.   55.71 

bicarbonate. 

92 

soda. 

.  67.71 

c.  Iw. 

101 

c  12iw.   . 

.  180.21 

soda. 

54 

Sulphate  of  alumina. 

58 

c.  lOw. 

144 

alumina  and  potassa,      262 

bicarbonate,  (c 

lw.)85 

c.  25w.  (alum) 

.      487 

strontia. 

74 

ammonia,  (c.  Iw.) 

66 

zinc. 

64 

baryta. 

.      118 

CliU»ntte  of  banta. 

154 

copper,  (acid  40  H- 

lead, 

188 

perox.  SO) 

.       120 

mercury, 

284 

bipersulphate. 

160 

j^oUi.>s;i, 

124 

c.  lOw.      .blue 

rlii-omate  of  barvta. 

130 

vitriol) 

.      250 

leud. 

164 

iron. 

.        76 

mt-rcury. 

.       260 

c.  7\v.  (green  Titrior   139 

potas'^. 

100 

lead. 

.     15: 

bichromate, 

152 

lime. 

68 

Muriate  of  ammonia. 

54 

c.  2w. 

So 

!>ar\  ta.  i^c.  Iw/ 

124 

lithia,  (c.  Iw.) 

67 

lime,    c.  6\v. ) 

119 

ma^esia,  "c.  Tw.) 

.     i:3 

mag"ne>:a. 

57 

mercury,  (acid  40  + 

sti-ontia,  v«^.  Sw. ) 

161 

perox.  216 

.       256 

Nitrate  of  ammonia. 

71 

bipersulphate 

acid 

InirA  t:t. 

.       132 

SO-i-perox- 

216    296 

hisniiLth.  ,c.  J\v/ 

161 

potassa. 

8S 

lea.l. 

166 

bisulphate,  (c. 

2w."  146 

lime,              .  ^ 

32 

soda. 

mag"nesia, 

74 

c.  lOvr. 

.     15: 

mercLirv,    acid  54  -f 

strontia. 

92 

protox.  Cv^S  -r  v*-. 

18)  2S0 

zinc. 

82 

potassa. 

102 

c.  7w. 

145 

silver, 

172 

Tartrate  of  lead. 

.       ITS 

>oda. 

85 

lime. 

94 

slrouV.A, 

V06 

potassa. 

.       114 

Oxalate  of  -^nvirvorw.^. 

S"^ 

^:i>^aa^r^2Jt^ 

.      laC- 

c.  Cw. 

IV                         ^-'^"'s  -  V53Cfta3:vi  vK 

b"ir\o3La\ale, 

cobalt, 

»   >rf                                                   -V                                -     ~ 

Aj^pendix. 


Force  of 

Torce  of 

Force  of     i 

Temp. 

Vapour. 

Temp. 

Vapour. 

Temp- 

Vapo 

ur. 

Dalton 

Ure 

D^ton 

Ure 

Dal  ton 

Ure 

32»F 

0.300 

0.200 

72' F. 

0.770 

112°F 

2.68 

33 

0.207 

73 

0.796 

113 

2.76 

34 

0.214 

n 

0.823 

114 

2.84 

35 

0.221 

75 

o.asi 

0.860 

115 

2.92 

2.830 

36 

0.229 

76 

0,880 

lis 

3,00 

3r 

0.337 

77 

0,910 

117 

3,08 

38 

0.245 

78 

0.940 

118 

3.16 

39 

0.254 

79 

0.971 

119 

3.25 

40 

0-263 

0.250 

80 

1-00 

1,010 

120 

3.33 

3.300 

41 

0-273 

81 

1.04 

121 

3.42 

42 

82 

1.07 

122 

3.50 

43 

0.294 

83 

1,10 

123 

3.59 

44 

0.305 

84 

114 

124 

3.69 

45 

0.316 

85 

1.17 

1-170 

125 

3.79 

3.830 

46 

0'338 

86 

1.21 

126 

3.89 

47 

0-339 

87 

1-24 

127 

4.00 

48 

0-351 

88 

1.28 

128 

4.11 

49 

0.363 

89 

1.32 

129 

50 

0.375 

0.360 

90 

1,36 

1.360 

130 

4-34 

4,366 

51 

0.388 

91 

1,40 

131 

4-47 

52 

0.401 

92 

1.44 

132 

4-60 

53 

0.4-15 

93 

1,48 

133 

4-73 

54 

0-429 

94 

1.53 

134 

4-86 

55 

0.443 

0.416 

95 

1,58 

1.640 

135 

S-OO 

5.070 

56 

0.458 

96 

1.63 

136 

5-14 

57 

0-474 

97 

1.68 

137 

58 

0.490 

98 

1.74 

138 

5.44 

59 

0-507 

99 

139 

5.59 

60 

0.524 

0.516 

100 

l!86 

1.850 

140 

5.74 

S.770 

61 

0-542 

101 

1.92 

141 

5-90 

62 

0-560 

102 

142 

6.0S 

63 

0-578 

103 

2.04 

143 

6.21 

64 

0-597 

104 

2,11 

144 

637 

65 

0-616 

0.630 

105 

2.18 

2-100 

145 

6.53 

5.600 

66 

0-635 

106 

2,25 

146 

6,70 

67 

0.655 

107 

2,32 

147 

6,87 

68 

0.676 

108 

2.39 

148 

7-OS 

69 

0.698 

109 

2.46 

Ww 

XT.ia. 

/f?  1 

0721    0.726 

110 

2.S3   \2.456\V-SQ 

\ta" 

O.T4S\ 

III 

2.60   \             \\X51. 

\t* 

_ 
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TABLE  n.  COVTUfUKD. 


Temp. 


152" 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
1182 
1 183 
184 

1185 

1186 

|187 

(l88 

1189 

'190 

1191 

|192 

'193 
[194 

195 

196 


F. 


Force  of 
Vapour. 


Didton    Ure 


Temp. 


7.81  19r 

801  198 

8.20  199 

8  40     8  500   200 
8.60  201 

8.81  202 

902  203 

9.24  204 

9.46     9.600   305 
968  206 

991  207 

10.15  208 

10.41  209 

10.68    10.800  210 
1096  211 

11.25  212 

1154  213 

11.83  214 

12.050  215 
216 
217 
218 
219 

13.550  220 
221 
222 
223 
224 

15.160  225 
226 
227 
328 
229 

16.90011230 


F. 


Force  of 
Vapour. 


Dalton 


12.13 

12.43 

12-73 

13.02 

13-32 

13-62 

13-92 

14.22 

1452 

1483 

15.15 

15-50 

15-86 

16-23 

16-61 

17.00 

17.40 

17.80 

1820 

18-60 


231 
23S 


232 
(l233 

19-00  119.000  235 
19-42  236 

19.86  \  VW 

20.32  \  M^^ 

20.77  \  \m'^ 

21.22  \21.lOO\mo 
21.68  \  \\<24\ 


22.13 
22.69 
23.16 
23.64 

24.12 

24.61 

25.10 

25.61 

26.13 

26.66 

27.20 

27.74 

28.29 

28.84 

29.41 

30.00 

30.60 

31.21 

31.83 

32.46 

33.09 

33.72 

34.35 

34.99 

35.63 

36.25 

36.88 

37.53 

38.20 

38.89 

39.59 

40.30 

41.02 

41.75  143.100 

42.49 

43.24 

44.00 

44.78  146.800 

45.58  147.220 

46.39 

50.  SO 
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TABLE  n.  CONTINUED. 


Force  of 

Force  of 

Force  of 

Temp. 

Vapour. 

Temp. 

Vapour. 

Temp. 

Vapour. 

Dalton 

Ure 

Dalton 

Ure 

Dalton 

Ure 

28rF. 

96.64 

114.800 

300°  F. 

111.81 

139.700 

313°F. 

127.00 

288 

97.80 

301 

112.98 

314 

128.15 

289 

98.96 

118J200 

302 

114.15 

144.300 

315 

129.29 

290 

100.12 

120.150 

303 

115.32 

147.700 

316 

130.43 

291 

101.28 

304 

116.50 

317 

131.57 

292 

102.45 

123.100 

305 

117.68 

150.560 

318 

132.72 

293 

103.63 

306 

118.86 

154.400 

319 

133.86 

294 

104.80 

126.700 

307 

120.03 

320 

135.00 

295 

105.97 

129.000 

308 

121.20 

157.700 

321 

136.14 

296 

107.14 

309 

122.37 

322 

137.28 

297 

108.31 

133.900 

310 

123.53 

161.300 

323 

138.42 

298 

109.48 

137.400 

311 

124.69 

164.800 

324 

139.56 

1299 

110.64 

312 

125.85  [167.000 1 

325 

140.70 

r 
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Dr  VIrt't  Thhit,  ihmrmg  [Ac  Elattie  Fata  of  tht  rbpouri  t/ 
Mt^M.  Bikrr  Oil  af  jTVfpfnftne,  and  Petroletna  or  JCafma. 
■I  O^ireM  T    npeialtiret,  erprcatd  ia  htehct  of  Maatn/. 


ElllCT. 

Alcohol       11       AJc«bol 
sp.ffr.0,8I3  II  Bp-RT.  0.813 

Ttmp 

FOKI 

63 

Forc« 

Temp 

Force 
rfVip 

UP 

B 

» 

50.10 

316" 

30.0( 

44 

8.1 

53.00 

320 

3170 

S4 

las 

60.10 

325 

34.00 

44 

13.0 

65.00 

330 

36.40 

74 

16.1 

59.30 

335 

38.90 

84 

sac 

60 

6 

72.20 

340 

41.60 

94 

34.7- 

65 

<-^ 

73.50 

345 

44.10 

IW 

30  .OU 

70 

1.76 

235 

87-50 

330 

46.S6 

IM 

3aoo 

75 

2.10 

230 

94.10 

355 

50.20 

no 

32.54 

80 

2.45 

232 

97.10 

360 

53.30 

115 

35.90 

85 

2.93 

236 

103.60 

365 

56.90 

130 

39.47 

90 

3.40 

338 

106.90 

370 

60, 7( 

135 

43.34 

95 

3.90 

240 

111.24 

373 

61.90 

130 

47.14 

51.90 

100 
105 

4.50 

344 
247 

348 

118.20 

375 

64.D0 

135 

122.10 

OilolYflrpenliM 

140 

56  90 

110 

126.10 

145 

63.10 

115 

7.10 

249.7 

131.40 

Temp. 

rfV^ 

ISO 
15J 

67.60 
73.60 

120 
125 

S.10 
9.23 

250 
253 

132.30 
138.60 

304= 
307.6 
310 
315 

320 
323 

leo 

80-30 

130 

10.60 

354.3 

143.ro 

32^60 
33-50 
35.20 
37.06 
37.80 
40.2IJ 
42.10 
45.00 
47.30 
49.40 
51.70 
53.80 
56.60 

'S 

165 

86.40 

133 

12.15 

358.6 

151.60 

17(1 

92.B0 

140 

13.90 

260 

155.20 

173 

99.10 

145 

13.93 

262 

161.40 

180 

108.30 

150 

18.00 

364 

166.10 

18S 
190 

116.10 
124.80 

155 

160 

20.30 
22.6U 

326 
330 
^6 
340 
343 
347 
350 
354 
357 

195 
200 
205 

133-70 
143.80 
151.30 

169 
170 
173 

25.40 
28-30 
30.00 

210 

166.00 

\ 

178  J 
180 

183.3 

33.50 

34.73 
36.40 
33.90 

3,\  «>.^ 

\ 

^ 

\^ 
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TABLE  IV, 


Dr  Ure*8  Table  of  the  Quantity  of  Oil  of  Vitriol,  of  sp,  gr.  1.8486, 
and  of  Anhydrous  Jieid,  in  1(K)  parts  of  dilute  Sulphuric  AM 
at  Different  Densities, 


Liquid. 

Sp.Gr.    Dry.. 

Liquid. 

Sp.Gr. 
1.5503 

Dry. 

53.82 

Liquid. 

Sp.Gr. 

Dry.  1 

100 

1.8485 

81.54 

66 

32 

1.233426.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

SO 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1,1706 

19.57 

91 

1.8^79 

74.20 

57 

1.4560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

1794 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54, 

1.4265 

44.03 

20 

1.1410 

16.31 

8r 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1 .4073 

42.40 

18 

11246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

50 

1.3884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019 

12.23 

82 

1.7360  66.86 

48 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1.7245  66.05 

47 

1.3612 

38.32 

13 

10887 

10.60 

80 

1.7120  65.23 

46 

1 .3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993,64.42 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1.6750 

62.78 

43 

1.3255 

35.06 

9 

1 .0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

I  0336 

4.08 

72 

1.6204 

58.71 

38 

1.2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

L6d 

69 

1.5868 

56.26 

35 

1.2572 

28.54 

1 

1 .0074 

0.8154 

68 

1.6760 

55.45 

34 

1.2490 

27.72 

67 

1.5648 

54.63 

1     33 

1.2409 

26.91 

604 
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TABLE  V. 


Dr  Ur€*$  IhkU  ^fOm  Q^mOiiy  qf  JReal  arjSnkfdnmJmkJkii 
m  lOOparU  af  Idqmid  AM  at  D^eni  Jktuiiie$. 


Real  add 

Heal  acid 

pBealacU 

Speeiflc 

inlOOj 

Spedfic 

in  100 

Specific 

in  100  J 

Granty. 

parts  of 

GntTitf. 

parta  of 

Grmvitjr. 

pirtfd 
ScLiq. 

theUq. 

the  Uq. 

1.5000 

79.700 

1.3783 

52.603 

1.1833 

25.504 

1.4980 

78.903 

1.3733 

51.805 

1.1770 

24.707 

1.4960 

r8.106 

1.3681 

51.068    . 

1.1709 

33.910 

1.4940 

77.309 

1.3630 

50.211 

1.1648 

33.113 

1.4910 

76.512 

1.3579 

49.414 

1.1587 

33.316 

1.4880 

7SJn5 

1.3529 

48.617 

1.1536 

31.519 

1.4850 

74.918 

1.3477 

47.820 

1.1465 

30.732 

1.4820 

74.121 

1.3427 

47.023 

1.1403 

19.935 

1.4790 

73.324 

1.3376 

46.226 

1.1345 

19.128 

1.4760 

72.527 

1.3323 

45.429 

1.1286 

ia331 

1.4730 

71.730 

i  .3270 

44.632 

1-1227 

17.534 

1.4700 

70.933 

1.5216 

43.835 

1.1168 

16.737 

1.4670 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69. 339 

1.3110 

42.241 

1.1051 

15.143 

1.4600 

68.542 

1.3056 

41.444 

1.0993 

14.346 

1  4570 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1.4530 

66.948 

1.2947 

39.850 

1.C878 

12.752 

1.4500 

66.155 

1.2887 

39.053     : 

1.0821 

11.955 

1 .4460 

65.354 

1 .2826 

38.256     '• 

1.0764 

11.158 

1 .4424 

64.557 

1.2765 

37.459 

1.0708 

10.361 

1.4385 

63.760 

11.2705 

36.662 

1.0651 

9.564 

1.4346 

62.963 

1.2644 

35.865     1 

1.0595 

8.767 

1.4306 

62.166 

1.2583    35.068     | 

1.0540 

7.970 

14269 

61.369 

1.2523 

34.271 

1.0485 

7.173 

1.4228 

60.572 

1.2462 

33.474 

1.0430 

6.376 

14189 

59.775 

12402 

32.677 

1.0375 

5.579 

1.4147 

58.978 

12341 

31.880 

1.0320 

4.782 

1.4107 

58.181 

12277 

31.C83 

1.0267 

3.985 

1.4065 

57.384 

1.2212 

30.286 

1.0212 

3.188 

1.4023 

56.587 

1.2148 

29.489 

1.0159 

2.391 

1.3978 

55.790 

1.2084 

28.692 

1.0106 

1.594 

1.3945 

54.993 

1.2019 

27.895 

1.0053 

0.797 

1.3882 

54.196 
53.399 

1.1958 

27.098 

^33 

1.1895   26.301 
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arts 

Sp.  Gravity. 

lUO  Parts 

Sp.  Gl-avity. 

100  Parts 

Sp.  Grarity.l 

iVat 

At6B» 

At  60° 

Ale. 

At  6H 

At  60° 

Ale 

Wttt 

At68°[At60° 

0 

0.791 

0.796 

"ee" 

34 

0.877 

0.881 

"sT 

68 

0.952 

0.955 

1 

0.794 

0.798 

455 

35 

0.880 

31 

69 

0.954 

0.957 

2 

0.79? 

0.801 

64 

36 

0.882 

0.886 

30 

70 

0,956 

0,958 

3 

0.800 

0.804 

63 

37 

0.885 

0.889 

29 

71 

0.957 

0.960 

4 

0.803 

0.807 

62 

38 

0.887 

0.S91 

28 

72 

0,959 

0.962 

5 

0.805 

0.809 

61 

.39 

0.B89 

0.893 

27 

73 

0.961 

0.963 

6 

0.808 

0.813 

60 

40 

0.892 

26 

74 

0,963 

0,965 

7 

0.811 

0.813 

39 

41 

0.894 

25 

75 

0.965 

0.967 

8 

0.813 

0.817 

58 

42 

0.896 

0,900 

24 

76 

0.96fl 

0,96S 

9 

0.816 

0.820 

57 

43 

0.899 

0.902 

23 

77 

0.968 

0-970 

10 

0.818 

0.822 

56 

0.90] 

0.904 

2;j 

78 

0.970 

0.972 

11 

0.821 

0.825 

55 

45 

0.903 

0.906 

21 

79 

0.971 

0.973 

12 

0.833 

0.827 

54 

46 

O.SOi 

0.908 

■2b 

80 

0.973 

0.974 

13 

0.826 

0.830 

53 

47 

0.907 

0,910 

19 

81 

0.974 

0,975 

14 

0.828 

0.832 

52 

48 

0.909 

0.912 

18 

83 

0.976 

0,977 

13 

0.831 

0.835 

51 

49 

o.9i: 

0,915 

17 

83 

0.977 

0.978 

16 

0.834 

0.838 

50 

50 

0.914 

0.917 

16 

84 

0.978 

0.979 

17 

0.836 

0.840 

49 

51 

0.917 

0.920 

15 

85 

O.y80 

0.981 

18 

0.839 

0.843 

48 

52 

0.919 

0,922 

U 

fie 

0.981 

0,982 

19 

0.843 

0.846 

47 

S3 

0.9S1 

0,924 

13 

0,983 

0.984 

20 

0.844 

0.848 

46 

54 

0.923 

0.926 

12 

0.985 

0.986 

31 

0.847 

0.851 

45 

55 

0.925 

0,928 

11 

89 

0.986 

0.987 

22 

0.849 

0.853 

44 

56 

0.927 

0.930 

10 

90 

0.987 

0.988 

.23 

0.851 

0.855 

43 

57 

0.93C 

0.933 

9 

91 

0.988 

0.989 

34 

0.S53 

0.857 

42 

58 

0.932 

0.935 

8 

92 

0.989 

0.990 

25 

0.856 

0.860 

41 

SS 

0.934 

0.937 

7 

S3 

0.991 

0,991 

26 

0.859 

0.863 

40 

60 

0.936 

0.939 

6 

94 

0.992 

0.992 

27 

0.861 

0.865 

S9 

61 

0.938 

0.941 

5 

95 

0.994 

0.863 

0.867 

38 

62 

0.940 

0,943 

4 

96 

0.995 

0,866 

0.870 

37 

63 

0.942 

0.945 

3 

57 

0.997 

0.868 

0.872' 

36 

64 

0.944 

0.947 

98 

0.998 

31 

0.870 

0.874 

35 

*S 

0.946 

0.949 

1 

99 

0.999 

32 

0.872 

0.878 

34 

66 

0.948 

0.9SI 

0 

100 

1,000 

33 

0.875 

0.879 

33 

67 

0.950 

0.953 

wfppmdix. 


FOT  Liquids  Ugbler  Ibao  Water. 


Dct^P-Gr 

Dn-Sp.Gr 

[Deg.  Sp.G[. 

Deg.  Sp.Gr. 

Deg.  Sp.&. 

10-i.ooa 

17— .949 

23=.909 

29=.8r4 

35-.  842 

11      .990 

18     .942 

24    .903 

30     .867 

36    .837 

13      .98J 

19    .935 

25     .89? 

31     .851 

37    .833 

13       ,977 

20    .928 

26    .892 

32     .856 

38    .827 

14       .970;     21     .922 

37    .886 

33     .852 

39    .832 

IS       .963,\    32    .915 

28     .830 

34     .847 

40    .817 

16       .95j' 

For  Liquid!  fae*<rler  Uum  Wste. 

Dej.  8p.Gr 

Deg.  8p,  Gr 

Deg.  Sp.Gr 

Deg.  Sp.  G. 

Deg.  8p.a. 

0-1.000 

15-1.114 

30—1.261 

45=I.45i 

«t=i.n7 

3     1.020 

18     1.140 

33     1.29i 

48     1,50c 

63    l.Trt 

6     1.040 

21     1.170 

36     1.333 

51     1.547 

66    l.&i! 

9     1.064 

24    1.200 

39     1.37. 

54     1.59 

69    1.92(1 

12    1.089 

27    1.230 

42     1.414 

57     l.6Sf 

1    73    2.000 
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cetates,  428 

cetous  fermentation,  484 
cidifying  principle,  876 
cids,  definition  of,  875 

nomenclature  of,  100 

acetic  and  acetous,  426 

vegetable,  426 

animal,  600 
.cid,  amniotic,  503 

antimonic,  839 

antimonious,  889 

arsenic,  829 

arsenious,  326  • 

auric,  364 

benzoic,  438 

boletic,  441 

boracic,  190 

bromic,  221 

butyric,  caproic,  capric,  605 

camphoric,  440 

carbazotic,  442 

carbonic,  171 

caseic,  477 

chloric,  203 

chloriodic,  216 

chlorocyanic,  266 

chlorocarbonic,  208 

chlorochromic,  888 

cholesteric,  607 

chromic,  332 

citric,  436 

columbic,  836 

cyanic,  254 

ellagic,  439 

erythric,  502 

ferrocyanic,  259  * 

ferruretted  chyazic,  260 

fluoboric,  226 

Gaocbromic,  8S3 
Quoric,  225 
Oaosilicic,  308 
formic,  608 


A^id,  fulminic,  266 
eallic,  489 
nircic,  606 
hydriodic,  213 
hydrobromic,  220 
hydrochloric,  198 
hydrocyanic,  261 
hydrofluoric,  228 
hydroselenic,  246 
hydrozanthic,  262 
hyponitrous,  162 
hypophosphorous,  189 
hjrposulphurie,  188 
hyposulphurous,  182 
igaisuric,  441 
iodic,  216 
iodous,  216 
Idnic,  442 
lactic,  608 
lampic,  462 
lithic,  601 
malic,  437 
manganesic,  814 
manganeseous,  315 
margaric,  452 
meconic,  445 
mellitic,  441 
molybdic     and     molybdous, 

888,334 
morozylic,  441 
mucic,  441 
muriatic,  198 
nitric,  165 
nitromuriatic,  201 
nitrous,  168 
oleic,  452 
oxalic,  430 
oxymuriatic,  196 
pectic,  442,  471 


568                                   index.                                       | 

Add.  prwic.  !B1 

AoiHlRinia,  373 

Amber,  and  its  Bcid,  455 

Ambergiis  and  ambreiDe,  SOS 

pitorauci.;.  4*1 

aolulion  of,  230 

p;«,t«unc.  48S 

chaiacleiorihesilUo^itS 

E.t'.2f 

Ammoniiret  of  copper,  394 

Amnioa,  liquor  of,  527 

roucic,  441 

A  mi  dine,  463 

HecbaUcKc,  441 

Analysis  de&ced,  16 

■ebidc.  SOS 

proiimale  and  ultimate  of  «■ 

wltQic.  19S 

■^  game  3ub5t.nce5,  424 

ofoimetab,  543 

rilide.  SOT 

of  gases,  539 

tilicofluorie,  309 

of  mineral  waten.  647 

•Oriile,  441 

Animal  ehemislty,  493 

■learic.  506 

prositojte  prioeipia.  493 

luberic, 441 

aubslaneoi,  analy9i>Df,434 

luccioic,  440 

oil9  and  fau,  303 

boat.  616 

■ulphurlc,  ISO 

fluids,  619 

Aulimonj,  TeEall»i)f,33T 

•ulpburetted  rhyuie,  361 

etude,  337 

lulphocyanic,  2til 

oxides  of.  338 

milphavinic,  461 

ohloiidesof,  340 

btlicic,  433 

sutpbureCB  of,  340 

tiUn[c,  348 

.    golden  sulphuiet  oF,  340 

turB»lit,334 

glass,    crocus,   and  liiei  of, 

uric.  BOl 

341 

lumic,  441 

alloys  of,  373 

Artipodre,  50e 

larlariied,  436 

Aeilform  bodie* ,  13 

An Ih incite,  466 

Affinily,  chprnicpl,  103 

Aqua  regia,  201 

table  of,  103 

Arbor  Diame,  862 

eleclive  .iiople,  103 

Salumi,  35S 

eUetive  double,  106 

Aichil,  474 

dIsposlDg,  144 

Arrow  root,  470 

by  nhal  ouiea  modified,  107 

measuie  of,  114 

Aisenical  solutioD,  404 

Air,  .Imoipheric,  160 

Arsenic,  32S 

ALbaaWr,  391 

compounds  with  oiygcn.  Jit 
lests  of,  in  mixed  aiJdt,3n 

rentable,  413 
inclpicnl,  624 

alloys  of,  372 

chloride  of,  829 

Alcohor,457 

aulphurels  of,  830 

te'Jar.S'-'^ 

Araeoiles,  404 

Aspatagin,  479 

AsphaltuBi,  464 

native  ve^uble.  443 

analysis  of,  639 

lsm,9tt 

■nt\^v^(,a9 

Alloys,  872 

km™.— «\hS,VKL 

Alui.W 

KMieiic  ft«.w^  ,\M>M^«  4w«  4, 

■a«uetoa[»  -tf*™  ^-vo. 

Index. 
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Atomic  weights,  table  of,  554 

what,  128 
Atropia,  450 

Attraction,  chemical,  15, 102 
.  cohesive,  14 

terrestrial,  or  gravity,  14 
Aurum  musivum,  825 
Azotic  gas,  148 


Brass,  878 
Brazil  wood,  474 
Bromine,  217 
Bronze,  878 
Brucia,  447 
Butyrine,  505 
Butter,  524 

of  antimony,  840 


B 


Balloons,  141 
Balsams,  455 
Barilla,  408 
Barium,  ^90 

oxides  of,  290 
chloride  of,  291 
sulphuret  of,  292 
Barley,  malting  of,  488 
Barometer,  correction  of,  for  the 

effects  of  heat,  82 
Baryta,  290 
"    Basis,  in  dying,  what,  478 
Bassorin,  479 

Battley's  sedative  liquor,  444 
Baum^'s  hydrometer,  degrees  of, 
reduced    to   Uie   common 
standard,  566 
Bell  metal,  373 
Benzoates,  439 
Bile  and  biliary  calculi,  521 
Bismuth  and  its  oxide,  346 
magistery  of,  847 
chloride  and  sulpharet  of,  847 
alloys  of,  878 
Bitter  principle,  480 
Bituminous  substances,  464 
Black  dyes,  476 
drop,  446 
lead,  820 
-  Bleaching,  197 
powder,  295 
Blende,  821 
Blood,  508 

Blowpipe,  with  oxygen  and  hy- 
drogen, 142' 
with  oxygen  gas,  148 
Blue,  Prussian,  419 

dyes,  478 
Boa  constrictor,  urine  of,  501 
Boiling  point  of  liqnidf,  66 
Bones,  585 
Borates,  406 
Borax,  406 
Boraeite,  406 
Boron,  190 

Braio,  analysia  of  the,  587 
Xir  2 


Cadmium,  822 

oxide  of,  822 
Caffein,  479 
Calamine,  320 
Calcium,  298 

chloride  of,  295 
Calcination,  268 
Calculi,  urinary,  588 

biliary,  522 

salivary,  619 
Calomel,  359 
Caloric,  19 

communication  of,  20 

radiation  of,  23 

effects  of,  2d 

expansion  produced  by, 
in  solids,  80 
liquids,  82 
eases,  84 

specific,  44 

capacities  of  bodies  for,  48 

of  fluidity,  50 

sensible  and  insensible,  44 

latent,  44 

sources  of,  67 

quantity  of,  in  bodies,  54 
Calorimeter,  45 
Calx,  268 
Camphor,  458 
Camphorates,  440 
Cannon  metal,  878 
Canton's  phosphorus,  296 
Caoutchouc,  455 
Capacity  for  caloric,  48 
Carbon,  169 

compounds  of, 
with  hydrogen,  281 
nitrogen,  250 

chloride  of,  205 

sulphuret  of,  261 

— 4\^ 


Chrorotte  of  iian,  405 
Chrome  yellow,  40S 
Cinchona  bark,  icti'«  pi 

of.  416 
Cipchonia,  44S 
Chyle,  523 
CiooBbar,  356,  360 
Citrates,  437 


C*Tba->ulphiireti,  262 

CiibuiBltDd  hydragH,  232 

CtiBilue,  471 

Ctnlliga,  53fl 

CtMOUt  miller,  B24 

Cuaout  oxide,  477,  S!S 

Cu*lu>,  purple  poirilei  of,  365 

Ctteehu.  4T» 

CdbuUa,  479  Coke,  466 

Cauilk,  lunir,  S61  Cual,  465 

CsnUl,  407  '  g.ia,  241 

Cerln.  4S1  -  .    . 

Caitum  anil  oilJ«»,  342,  343 

Carulln,  473 

Ceruie.  410 

Celine,  BUS 

Clialk.  409 

Cbunelron  mioeral,  S14 

Cbaieoal,  169 

■aim*),  or  Ivocy  black,  169 
Choear.  624 

Cbemlcal  offiolty  or  allracUoD,  102 
■oltoD.    cbaogei  wlilch   ic- 
compaDv  It,  106 
Ctiamiatiy,  ilefiDilion  of,  16 
oiKanie,  17,  422 
Inorgaaic,  17 
minioaclalure  of.  100 
ClasilGcatlga   of   chemical    aub- 


Coball,  343 

o\ides  or.  344 
Coecului  indicuj,  orindplaof,!! 
Cochineal,  474 
Cohesive  atlraclioo,  14 
Cohesion,  14 

iDiluenoe  or,  over  cbemul 

oclion,  107 

Cold,  arli^cial,   methods  oC  pn- 

dudng,  52,  69 
Colacyntin,  4S0 
Colouring  mailer,  472 
Colourr,   uljeellfe  and  nbm- 

iiva;473 
Columblum,  and  ita  acid,  338 
Comnhaljnn  defined,  16 

lawsrof,  114 
"      '  ioillij/  pioporiiDQi  defintJ. 


IIS 


■Chloratei,  general  characlera  of,    CoinbuBtlon,  137 


□r  potasaa  and  baryta,  399 

Eputaneous,  461 

CDmp69rtioQ  of  bodiea.hDwdmi' 

Chloric  eihcr,  236 

acid,  203 

mined,  16 

Chloride  of  nitrogen,  204 

Condycforg  of  caloilc,  20 

carbon.  208        ,.        v. 

Congelation,  51 

Cooling  of  ho  dies,  2S 

Bulphur.  207     -   ?.      . 

Copal.  454 

lime,  295           -j, 

Copper-nickel,  345 

boron,  209 

Copper,  3S0 

soda,  297 

osidea  or.  360 

Chloride*,  metallic,  970 

chloridea  of,  352 

Cblgrlne,  105 

and  hydrogen— muiia tic  acid. 

198 

alloys  of,  373 

and  oxygen,  202 

protoxide  of,  202 

peroxide  of,  203 

Cork,  479 

oalure  of,  209 

Chlotiodic  acid,  218 

Corydalin,  449 

CouuiariD,  453 

Xbrt«ie<i\(ie,6qT 

Cream  of  milk,  B24 

■IWum.m 

\.4H.M,  434 

^^  ^^MimiteaL,"**!  oil?,™ 

^H^^^S. 

^m        . 
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Crystallization  of  salts,  8T7 

water  of,  378 
Curcilma  paper,  475 
Curd,  524 
Cuticle,  536 
Cyanogen,  250 
Cyanuret  of  chlorine,  266 

bromine,  258 

iodine,  258 
Cyanurets,  275 

metallic,  275 
Cynopia,  450 
Cystic  oxide,  534 


D 

Decomposition,  simple,  103 

double,  105 
Decrepitation,  378 
Deflagration,  268 
Deliquescence,  377 
Delphia,  450 
Derosne,  salt  of,  445 
Destructive  distillation,  424 
Detonating  powders,  399 
Dew,  formation  of,  27 
Diamond,  171 

Differential  thermometer,  88 
Digesting  flask,  548 
Dippers  oil,  504 
Disinfectine  liquid,  287 
Dragon's  blood,  454 
Dutch  gold,  873 
Dyes,  473 


£ 

Earths,  279 
Ebullition,  56 
Efflorescence,  378 
Egg  shells,  526,  536 
Eggs,  526 
Elaine,  451,  904 
Elastic  gum,  455 


Emetia,  449 

Emetic  tartar,  435 

Emulsion,  451 

Epsom  salts,  391 

Equivalents,  chemical,  what,  118 

scale  of,  553 

table  of,  554 
Erythrogen,  523 
Essential  oils,  452 

salt  of  lemons,  432 
Ether,  460 

acetic,   muriatic,   hydriodic, 
463,  464 

chloric,  236 

nitrous,  462 

pyro-acetic,  427 

sulphuric,  460 
Ethiops  mineral,  861 

per  se,  357 
Euchlorine,  202 
Eudiometer,  155 

Hope's,  540 

Volta's,  539 
Evaporation,  59 

cause  of,  60 

limit  to,  62 
Expansion,  29 

of  solids  by  heat,  80 
liquids  by  heat,  32 
gases  by  heat,  84 
Extractive  matter,  481 
Eye,  humours  of,  527 


Farina,  469 

Fat  of  animals,  504 

Feathers,  536 

Fecula,  468 

Fermentation,  481 

Ferrocyanates,  417 

Fibre,  woody,  471 

Fibrin,  494 

Filter,  547 

Fire-damp  of  coal  mines,  233 

Flame,  233,  234 


Elasticity,  its  effect  on  chemical  Fixed  oils,  450 

affinity,  110  Flask  for  digesting,  548 

Elective  affinity,  103  Flesh  of  animals,  537 

Electricity,  72  Flint,  307    ^ 

Electrical  machine,  77  Flowers  of  sulphur,  177 

Electro-magnetism,  93     -  Fluidity  caused  by  caloric.^  5Q 

Electro-negative,    and    electro-  F\\iot\c^c\^,*I*L^ 

positive  bodieBf  74  FV\io\»ot\c.  ^c\dL^*23li^ 
Electro-cbemicAl  theory,  88  F\uo\»oi^\.fes,  ASi^ 

Electrometer,  79  FVuosvWeva  «.ca^  ^g^»^^v» 

Elements,  wbit,  and  bow  many ,  16    FVuosvWe^^^^s  ,  ^V^ 
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FluariM,  S33 

Fluoi  ip*'.  ■llfl 

FlkR.  wbiu  in<t  blick.  4U 

F«im]  dT  pixil*.  4B1 

PrM^Dg  mialurei,  53 

Id  vacuo,  I.ailtc'«  method,  6< 
FriEorific  miituiM,  table  of,  53 
FuimiiiiiJDg  go  111,  SSi 

mercuiy,  S6B 

pUtimin,  368 

■iloer.  2Sa.  Stia 
FalnUiic  acid,  2B6 
Pumlag  lifiiiot  of  Libtvnu,  ims 
Funjin,  ■119 
Funnel,  MT 
Fuiloii.  au 

Fualblo  nioul,  StS 

Fuitic,  JTi 


Gilt-al 


s,  923 


ir  trougli,  82 

arnngeineDli,  34 

GalvaniBin,  61 
effects  or,  3S 
chemicti  tgeDcy  of,  87 
electrical  igcocy  of,  86 
coDaectioD  at,  with  msgoet- 

lam,93 
theories  of  its  production,  96 

Gues,  66 

CDbdensalioD  of,  66 
law  of  the  expaosion  at,  35 
conducting  power  of,  22,  23 
fotJiiula  for  cocrcclint!  thii  ef- 
fects of  beat  OD,  SS 
specific  caloric  of,  46 
their  bolk  Influeoced  by  iiid«- 
luce,  and  the  foimuta  for 
correction  its  eO^I,  63 
mode  of  drying,  66 

Gas,  from  coal  and  oil,  241 

Gastric  juice,  520 

GelaUn,  497 

GetminaliaD,  487 

Gilding,  S72 

Glus,  807 

BxpaneioD  d[,  ^i*]  ^t&u,  %\ 
t  of  Bnl\monv>  "  *^ 


Gtucina,  802 
Glae,  497 
Gluten,  4T7 
Glycerine,  452,  S04 
Gold,  363 

oiidea  of,  364 

chlorides  ot,  365 

fulminating  ci 

Bulphuiet  of,  366 

alloys  of,  371 

mosaic,  32S 
Golden  luiphurel  of  BalimoBf,3(0 
Gong,  Indian,  373 
Goulard's  extract,  429 
Gouly  coneretioDB,  602 
Grapblte,  319 
Giavol,  urinary,  532 
GravitKlion,  14 

Gravity,   effect  of,  on  chemicil 
sclion,  113 

specilic,  modes  of  delntnia' 
■UK'  B^ 
Groivlh  of  Pleats,  439 
Gum,  470 

elastic,  4(t6 
Gum-resins,  46S 
Gunpowder,  396 
Gypsum,  390 


He  mat  in,  474 

Hair.  536 

Harrogate  water,  649 

Hartslioru.aplril  of,  229 

Heat,  ariirnal,  516 

iulense,  hon  generated,  142 
Hiceory,  wild  Americao,  474 
Hircine,  606 
Honey,  46fl 
HuDey-stooe,  441 
Hoars,  636 
Hordein,  469 
Hem,  536 
Homlead,  S55 

Hornsilver,  362 

Humours  of  the  eye,  627 

HydrBcids,  salts  of,  41t 

Hydrates,  nature  of,  14fi 

Hydrio dales,  413 

Hydro,  in  what  maniier  emplojr- 
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Hydrogen,  140 

peroxide  of,  146 

arseDluretted,  830 

carburetted,  232 

and  carbon,  new  compounds 
of,  237 

phosphuretted,  247 

potassuretted,  285 

seleniuretted,  246 

sulphuretted,  243 

telluretted,  850 

with  metals,  278 
Hydrometer,  Baum^'s,  degrees  of, 
reduced   to    the  common 
standard,  566 . 
Hydrosulphunc  acid,  245 
Hydrosulphurets,    or     hydrosul- 

phates,  416 
Hygrometer,  64 
Hyperoxymuriates,  399 
Hypophosphorous  acid,  189 
Hyponitrous  acid,  162 
Hyposulphurous  acid,  182 
Hyposulphuric  acid,  183 


I&J 

Ice.    See  water. 
Imponderables,  16 

influence  of,  over  chemical 
action,  113 
Incandescence,  70 
Indigo,  473 
Ink,  439 

sympathetic,  345 
Insolubility,  influence  of,  on  affi- 
nity, 108 
Inulin,  480 
lodates,  400 
Iodic  acid,  215 
Iodide  of  nitrogen,  217 
Iodides,  metallic,  271 
Iodine,  211 

and  hydrogen — ^bydriodic 

add,  213 
and  phosphorus,  217 
and  sulphur,  217 
Ipecacuanha,  emetic  prhiclple  of> 

449 
Iridium,  870 
Iron,  316 

oxides  of,  317 
chlorides  of,  319 
sulphuret,   pbosphuret*    and 
carburets  of,  319 
IsiDglass,  497 


Ivory  black,  169 
Jelly,  animal,  497 
vegetable,  471 


Eermes  mineral,  340 

Kelp,  408 

King's  yellow,  330 


Labarraque's  soda  liquid,  287 

Lakes,  473 

Lamp  without  flame,  462 

safety,  233 
Lampblack,  454 
Lard,  504 
Latent  heat,  44 
Lateritious  sediment,  602 
Laws  of  combination,  114 
Law  of  multiples,  117 
Lead,  853 

oxides  of,  354 

chloride  of,  855 

iodide  and  sulphuret  of,  855 

alloys  of,  373 
Lemons,  acid  of,  436 

essential  salt  Of,  432 
Leyden  jar,  78 

Libavius,  fuming  liquor  of,  325 
Ligaments,  536 
Light,  67 

chemical  efiects  of,  69 

heating  power  of,  68 

magnetizing  power  of,  70 

modes  of  determining  the  in- 
tensity of,  71 
Lignin,  471 
Lime,  294 

water  and  hydrate  of,  294 

milk  of,  cream  of,  294 

chloride  of,  295 

phosphuret  of,  297 
Limestone,  409 
Liniment,  457 

volatile,  451 
Liquefaction,  50 
Liquids,  expansion  of  by  heat,  82 

conducting  power  of,  22i 


■ulphur,    {hep 
273 


Mcla1>,  compounds  of, 
with  selenium,  275 
Qogen,  US 


Logwood,  174 
Luna  coruei.  363 
Luuai  ouallc,  361 
Lupulin,  JSO 
Lymph,  fiS6 


M 


Chosp! 
ydtogf 
dassiScatioQ  oi,  £ia 
Meteoiie  stones,  317 
Milk,  524 

Bugai  of,  600 
MindereniB's  spliil,  42S 
Mineral  chameleon,  314 
r,  464 


273 


Middec,  474 

Mtgielery  of  biamulh,  347 
MagnetU,  297 
Magnesium,  297 
Magnetism,  electro-,  93 
MaTachile,  410 
Malates,  43S 
Maltha,  464 
Mailing,  4S3 
Manga  nese,  310 

oiidea  of,  311 

chloilde    and    eulphucet    of, 

Manganeslates,  816 
Manna  and  maonile,  468 
Marble,  409 
Mualcot,  364 
Matter,  propertiet  of,  13 
Medullin,  430 
Mohraes,  468 
Metnbrann,  636 

Mercury,  366 

oxides  of,  367 
chlorides  of,  36S 
bicyanuret  and  sulpburets  of, 


muriate  oj,  (corrosiTo  lubll- 

mate)  SS8 
mbmurlale  of,  (calomel)  3S9 
Metallic  cooibinationB,  871 
MeIaU,264 

general  properties  of,  264 
table  of  discovery  of,  S64 
ipecitic  grarlty  of,  266 
funbililf  of,  267 
reduction  of,  369 
combuitMUts  °^  ^^ 
compouaAa  of, 

nithch\orlne,^0 
iodine,  •a\ 
btomine,  %TV 


pilch,  464 

yellonr,  355 

waters,  analysi*  of,  541 
Minium,  SSfi 
Molybdates,  333 
Molybdenum,  333 

compounds  of,  with  oiygen, 

Bulphuret  of,  384 
Mordant,  413 
Morphia,  443 
Mather  of  pearl,  636 
Mucilage,  470 
Mucus,  521 

Multiples,  Ian  of'  eamtnnatioD  in, 

117  • 
Muriates,  411 
Muriatic  ether,  488 
Muscle,  631 

converted  into  bt,  606 
Mush  rooms,    peculiar    tabsluce 

of,  479 
Myrica  cerifeia,  wax  from,  466 
Myricln,  467 


N 

Nails  of  animals,  636 
Naphtha,  464 

from  coal  tar,  240 
Naphthaline,  240 
Narcoline,  44S 

Neutral  salt,  ebaneten  of,  816 
Neutralization,  106 
Nickel,  845 

oxides  of,  346 
Nitrates,  general    chaiulets   of, 
396 

^uticular  descriptioiH  of. 
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Nitrogen  gas,  148 
protoxide  of,  157 
deutoxide  of,  169 

Nitrous  acid,  163 
gas,  160 
oxide,  157 

Nomenclature,  100 


Oil,  Dippel's  animal,  504 

of  vitriol,  180 

of  wine,  460 

gas,  241 
Oils,  animal,  503 

fixed,  450 

volatile,  or  essential*  452 
Ointment,  457 
Olefiant  gas,  234 
Olive  oil,  450 
Olivile,  480 

Opium,  active  principle  of,  444 
Organic  chemistry,  17, 422 

substances,  character  of,  422 
Orpiment,  330 
Osmazome,  537 
Osmium  and  its  oxide,  370 
Oxalates,  432 
Oxalic  acid,  crystallized,  compo* 

sition  of,  481 
Oxidation,  136 
Oxide,  cystic,  534 

xanthic,  535 
Oxides,  what,  136 

nomenclature  of,  101 
Oxygen,  134 

Oxy-hydrogen  blowpipe,  142 
Oxiodine,  215 
Oxymuriatic  acid,  195 
Oxymuriate  of  potassa,  399 


Palladium  and  its  oxide,  368 

Pancreatic  juice,  519 

Paper,  preparation  of,  for  tests,  547 

Papin's  di^-ester,  57 

Particles   integrant  and   compo- 
nent, 15 

Patent  yellow,  355 

Pearls,  586 

Pearlasb,  407 
Pitchblende,  841 
Pericardium,  liquor  of  the,  527 


Perspiration,  fluid  of,  529 
Petroleum,  464 
Pewter,  878 
Phenecin,  474 
Phlogiston,  138 
Phosgene  gas,  208 
Phosphates,  general  characters  of, 
400 

particular  description  of,  401 
—403 
Phosphatic  acid,  189 
Phosphorescence,  71 
Phosphoric  acid,  186 

ether,  461 
Phosphorous  acid,  188 
Phosphorus,  184 

with  oxygeD,  186 

oxides  ot,  190 

with  chlorine,  207 

with  iodine,  217 

Canton's,  296 
Phosphurets,  metallic,  277 
Phosphuret  of  lime,  297 
Phosphuretted  hydrogen  gas,  247 
Photometer,  71 
Picromel,  522 
Picrotoxia,  449 
Pinchbecic,  373 
Piperin,  480 
Pitch,  mineral,  464 
Pit  coal,  465 
Plants,  growth  of,  489 

food  of,  491 
Plaster  of  Paris,  391 
Plasters,  454 
Platinum,  366 

oxides  and  chlorides  of,  366, 
367 

sulphuret  of,  367 

alloys  of,  378,  374 

fulminating,  868 
Plumbago,  320 
Pollenin,  480 
Polychroite,  475 
Potassa,  281 

tests  of,  284 
Potash,  281 
Potassium,  280 

oxides  of,  281 

chloride  and  iodide  of,  284 

with  hydrogen,  sulphur,  and 
phosphorus,  284,  285 
Potato ,  «l^\c\v  ^l^  ^^ 
Ptec\vvX3a.V^^  x^^*^"^ 
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Pre«ra«i,influ«nceBr,oii 

the  bulk 

'             ^ 

at  piea.  100 

^D 

ProportloDi  In  which  bodiea  oa- 

blno.  Ill 

Safely  lamp,  234 

Sifflowe.,  474 

table  of.  554 

SaSroo,  475 

PruHiMi  blue,  419 

Sago  and  salep,  470                 ,_ 

PruulatiB,  417 

Iriplt,  418 

Sall&abiG  bue,  376             ^H 

Purple  powder  otCaMiw 

1,365 

Sillva,  619                         ^H 

Puipurile  of  DID  mo  Din,  S02 

Salt,  common,  236               ^^ 

Pui,  62S 

of(otrel,430                  - 

Pulrefaelion,  486,  637 

pelre,  39S 

PurreftEliTB  rermeDdtioi: 

i,4S6 

spiril  nf,  200 

PyritM.  Iron,  819 

SilU,  eeDBraliemaikson,375 

copper,  363 

Pyra-*ce(lc  elher,  42T 

cla<sificaUonof,S77 

Pyroiylicspiril,  472 

Bffiiii(yof,forwatet.377 

Pyromelcr,  41 

cryBtallizfllion  of,  377 
double  and  triple,  379 
Satcocoll,  480 

Q 

SB(ur8led9olulIon,whBl,llI 
SuoD  blue, 474 

QuiBlily,  iU  influBDCB 

on  it 

Scale  of  equiTalenU,  563 

Scheele'9  green,  328 

Quicklime,  294 
Quickailver,  066 
Quill),  586 
Qulni*,  446 


BadUiiI  beat,  23 
Raya,  luminous,  63 
calorlQc,  69 
chemical,  TO 
Realgar,  S30 
Red  lead,  856 
dyea,  474 
Redueilon  of  meiala,  269 
Regulua  of  anlimoDy,  337 
Rennet,  524 
RepulaiDD  oppoaed  to  eah( 

50 
Reain,  454 


Retinasphallum,  464 
Rhodium,  369 

oxide*  of,  ABS 
RhntMrbarin.A&O 
RDchelIeeii\t,43& 
AouK«,  474 
Kuiiiog  of  iioD.sii 


Secreted  BoLiiial  fluida,  519 
Sealing  wax,  454 
Sediment  of  the  urine,  632 
S  eigne  He,  aa  It  of,  435 
Selenic  acid,  193 
Selenlle,  390 
Selenloua  acid,  192 
Selenium,  192 

oiide  of,  192 
Seleniurelled  hydrogen,  248 
Selenlurela,  metallic,  276 
Seroalty,  609 


n,  508 
Seroua  memb 
Shells,  536 


mbranea,  fluid  of,  62fi 


Siliealea,  307 

Silicated  atkair,  307 

Silicium,  305 

Silk,  537 

Silver  and  ita  oiide,  861 

chloride  of,  362 

iodide,  cyaDuret,  ind  ralpba- 
let  of,  362,  363 

fulminadng,    compound*  of, 
266,  S62 
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Soda,  286 

tests  of,  286 
Sodium,  285 

oxides  of,  286 

chloride  of,  286 
Solaoia,  450 
Solar  rays,  68 
Solder,  373 
Solids,  expansion  of,  by  heat,  SO 

liquefaction  of,  50 

conducting  power  of,  20 

specific  caloric  of,  48 
Solution,  115 
Sorrel,  salt  of,  430 
Spar,  Iceland,  409 

fluor,  416 

heavy,  390 
Specific  gravity,  98 

caloric,  44 
Speculum'  metal,  378 
Spectrum,  prismatic,  68 
Spelter,  320 
Spermaceti,  504,  506 
Spirit,  proof,  458 

of  wine,  457 

pyrozylic  and  pyroacetic,  472 
Starch,  468 
Starkey's  soap,  452 
Steam,  temperature  of,  57 

elasticity  of,  58 

latent  heat  of,  58 

engine,  principle  of,  58 
Stearine,  451,  504 
Steel,  320 

neiv  alloys  of,  374 
Strontia,  292 
Strontium,  292 

oxides  and  chloride  of,  292, 
293 
Strychoia,  447 
Suberin,  479 
Succinates,  440 
Suet,  504 
Sugar,  466 
Sugar-candy,  467 
Sugar  of  lead,  428 
Sugar  of  milk  and  of  diabetes,  500 
Sulphates,  geaeral  characters  of, 
888 

particular  description  of,  889 
—394 
Sulphites,  sulphuretted,  182 

general  characters  of,  894 
Sulpbocyaiutes,  420 
Sulphur,  177 

bMlsam  of,  452 

Yy 


Sulphur,  compounds  of, 
with  oxygen,  178 
chlorine,  207 
carbon,  261 
selenium,  263 

Sulphurets,  metallic,  272 

Sulphurous  acid,  178 

Sulphuretted  hydrogen,  243 

Sulphuric  acid,  180 
table  of,  563 
ether,  460 

Supporter  of  combustion,  136 

Surturbrand,  465 

Sweat,  529 

Synthesis  defined,  16 


Tallow,  504 
Tannin,  475 

artificial  formation  of,  476 
Tanno-gelatin,  476 
Tantalum,  336 
Tapioca,  470 
Tar  mineral,  464 
Tartar,  cream  of,  434 

soluble,  434 

emetic,  435 
Tartrates,  433 
Tears,  527 
Teeth,  536 

Telluretted  hydrogen  gas,  350 
Tellurium  and  its  oxide,  349 
Temperature,  what,  42* 
Tenacity  of  different  metals,  266 
Tendons,  536 
Thermometer,  37 

differential,  38 

formula  for  converting  the  ex- 
pression of  one  into  ano- 
ther, 40 

graduation  of  the,- 89 

register,  42 
Thorina,  804 
Thorinium,  804 
Tin  and  oxides  of,  828 

chlorides  and  sulphurets  of, 
824,325 

allovs  9f,  373 
Tincal,406 
Titanium,  and  its  compounds  mtK 

Tiona,  4Q% 
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TinMl,4T4 
Tiirp«BtiBft»  •■  o(  4tt 
Tjf|wt»  asial  for*  fit 


Ulmln,  479 

Unotam  and  oidet*  S41, 

UmiM,  Ml 

Um,496 

UriiM,6S9 

Uriaary  eoncraUpH,  5Sl 


Vaewim,  boiling  To,  5T 

avaporatioo  in»  99 
VaporiiatioD»  55 

cause  of,  55 
Vapour,  dilatation  of,  56  . 

(leofity  of,  36 

elastic  force  of,  57 

latent  heat  of,  58 

limit  of,  62 

table  ot  elastic  force  of,  559 
Vegetable  acids,  426 

allcalies,  442 

extract,  481 

jelly,  471 

chemistry,  423 

substances,  428 
Vegetation,  487 
Veratria,  448 
Verdigris,  429 
Verditer,  410 
Vermilion,  360 
Vinegar,  485 
Vinous  fermentation,  482 
Vitriol,  blue,  393 

green  and  white,  392,  393 

oU  of,  180 
Volta's  eudiometer,  589 

pile,  82 

theory,  95 
▼<i— •■»  dieofy  of,  125 


WiilBff  pfOpOrtMM  off  14l' 

wponiioii  &(,  fa  ietiiiigi  II 
feMaat  boat^of;  ft 

MlobUi^ofgHMii,ltf 
of  eiyfialiiatloB,  tV8 
nloa  now*  ipitai  wdf  dM» 

547 
of  llio  Ma  and  tho  IM  to, 


Waten.  mlnonlf  547 

addoloot,  aftaHM,  cM^ 
eato,  aolplMiioaii   mMi 
and  aflieeoiii^SIS-^l 
Was,  456 
WaldfiDC.816 
^l^hoat  flour,  477 

—w- IMA 

WDOjy  CoO 

Wliito  lead.  554 

ooppor,87S 
WfaM,  qoantltr  of  alaM  \»t^ 

oUof^MO 
Wlioa,  tenacity  oft  W 
Woad,  478 
Woody  fibre,  471 
Wool,  586 


Xanthic  oxide,  535 
Xanthogen,  262 

Y 

Teast,  478 

Yellow,  mineral,  or  patent,  3&5 

.   king's,  830 
chrome,  405 

.    dyes,  474 
Yttria,  and  its  base,  303 


Zaflfre,  844 
Zero,  absolute,  54 
Zymome,  479 
ZiDC,  820 

oxide  and  cUoiide  ol^  821 

•ulphaiet  of,  881 
X^iseAaU  and  Ue  baie,  804 
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BICHAT  ON  PATHOLOGY 

This  posthumous  work  of  Bichat  on  Pathological  Anatomy  is  one 
of  much  value  and  interest  to  the  student  of  Pathology.  Independ- 
entlv  of  its  intrinsic  worth,  it  is  well  entitled  to  the  attention  of  the 
profession,  from  the  circumstance  of  its  being  the  result  of  the  last 
labours  of  one  of  the  most  profound  and  brilliant  minds  that  has  ever 
adorned  medical  science.  Drs  Chapman,  Physick,  Horner,  Eberle, 
and  others,  speak  in  the  highest  terms  of  the  value  of  this  little  work. 

COOPER'S  FIRST  LINES  OF  THE  PRACTICE  OF  SUR- 
GERY :  designed  as  an  introduction  for' students,  and  a  concise 
book  of  reference  for  Practitioners.  By  Samuel  Cooper,  M .D. 
With  Notes  by  Alexander  H.  Stevens,  M.D.  and  additional  notes 
and  an  Appendix,  by  a  Physician  of  Philadelphia.  Second  Ameri- 
can, from  the  fifth  London  edition,  revised  and  corrected.  With 
several  new  plates  and  wood  cuts,  in  2  vols,  8vo. 
This  work  is  highly  esteemed  by  all  the  distinguished  of  the  medi- 
cal profession ;  and  in  many  of  our  medical  schools  is  used  as  a 
Text  Book. 

EBERLE'S  PRACTICE  OF  MEDICINE.  A  Treatise  on  the 
Theory  and  Practice  of  Medicine,  in  2  vols,  8vo.  By  John^berle, 
M.D.  Professor  of  the  Theory  and  Practice  of  Medicine  in  the 
Jefferson  Medical  College,  Philadelphia. 

A  TREATISE  ON  THE  ANATOMY,  PHYSIOLOGY,  AND 
DISEASES  OF  THE  BONES  AND  JOINTS :  in  1  vol,  8vo, 
This  work  has  been  compiled  from  the  most  distinguished  Ameri- 
can, German,  French  and  English  writers.  By  S.  D.  Gross,  M.D. 
The  value  of  the  above  work  to  young  practitioners  will  be  duly  ap- 
preciated by  all  who  are  anxious  to  perform  their  duty  to  their  pa- 
tients. 

MANUAL  OF  GENERAL  ANATOMY :  containing  a  concise  de- 
scription of  the  Elementary  Tissues  of  the  Human  Body.    From 
the  French  of  A.  L.  Bayle  and  H.  Hollard.    By  S.  D.  Gross,  M.D. 
Until  the  publication  of  the  translaUou  o^  vV^'^^tiM'i^  ^^'^v^^  «A. 
HoUard,  there  waa  oo  work  on  geaei^\  w»\ota?j 'vn  ^^5i>»  ^^^'^^'^''S 
cept  that  of  the  il/ustrious  Bichat,  a  wotk  ¥l>^\c^^,7^•<^c^fi»*^w5^'^^^^ 
useful  ioformatioa,  ia  entirely  too  vo\umVQOM»  ^'^A  ^'•^^^"^''^^ijijaj 
medical  atudenta.    The   ebove  Mauvia\,  \Yift\«Xo\e,N»  c^xc^x 
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nadleal  piactitlo— ■  of  lUi  eooDlij. 

MANUAL  OF  FBACTICAL  OBSTETRICS :  amngBd  m  «  to 
•flMd  a  eoodM  tad  teeonle  deocriptioii  of  tiio.MuMgMMit  of 
Pietonatiinl  Labovt :  pioeodod  by  ob  oceountof  tiieMtchMiM 
of  NatonI  Labovr.  FMb  tbo  French  of  JuBnt  Hatio,  Docteof 
MtilH«»^  of  Iho  Faadtj  of  Paila»  Profowor  of  Obtt6tfiet,ttitf 
tbo  DiMatat  of  Wobob  and  Cbfldien*  Ace.  Alc  fcc  ^S.D. 
Oioit,>IJ>. 

WL  Hatin  at  pratontia  one  of  tho  moat  anecoodiil  and  eoiMit 
piaetltlooeia  In  Parit»  and  tbo  Iftmial  will  be  Iband  peeoliarij  onfid 
to  tboM  wbo  wiib  to  extend  tbeir  knowledge  on  tbis  mott  imporfHt 
■olAeeL  Botb  tboee  Mamiali  bave  alreainr  been  adopted  aa  (at 
boofcf  tai  tevoffal  of  tbe  moat  re^peetaUo  medical  aciiooli  m  tbe  Unitod 
Statea. 

MANUAL  OF  THE  ELEMENTS  OF  OPERATIYE  SUBGE- 
RY :  ananged  m  tf  to  aflbid  a  Conciae  end  Accurate  Deieriptm 
of  tbe  pfotent  etate  of  tbe  Sdeoee  In  Parte.  From  the  Fieodiflf 
A.  TkTOfnler,  Doctor  of  Medicfaia  of  the  Faeulhr  of  Paris,  faOe  Sv- 
men  to  tbe  Third  Regbnent  of  ArtOieryy  Ace.  Ace.  fcc  By  S.  a 
Grotff  M.D. 

Tlie  origbial  of  tbe  pretent  work  wts  pnbUihed  bk  Parif,  in  18IB| 
and  bat  been  already  trinilated  into  the  Italian,  tbe  Spaniib,  and  tke 
German.  It  contains  an  abstract  of  the  writinn  of  the  most  mnfaiMt 
Ameiican  sod  European  Soneons,  eapedslly  or  those  of  Abemetfaj, 
Barton,  Deer,  Bell,  Boyer,  Cloquet,  Cooper,  Delpech,  Dubois,  Da* 
puytreii,  Gibson,  Graefe,  Guthrie,  Henden,  Lallemand,  Larrey,  Lair. 
reace,  Liafranc,MarjoUn,M'CleUan,Mott,  Phyaick,  Ricberand,  Roai, 
Scarpa,  Travers,  and  Berlinghieri ;  men  who  are  at  once  an  honour  to 
their  Countries  and  ornaments  to  Modern  Surgery. 

RUSH  ON  THE  MIND,  new  fine  edition. 

This  woric  is  valuable  and  highly  interesting  for  intelligent  readers 
of  every  profession  ;  it  is  replete  with  curious  aud  acute  remarks,  both 
medical  and  metaphysical,  and  deserves  particular  praise  for  tbe  terse* 
ness  of  its  diction. 

Prepariiigfor  Publication. 

ANATOMY.  General,  Special,  and  Relative,  including  the  Elements 
of  Physiology  and  Pathology.  By  George  M*Clellan,  M.D.  Pro- 
fessor of  Anatomy  and  Surgery,  and  Samuel  M'Clellan,  M.D.  Ad- 
i'unct  Professor  of  Surgery,  and  Demonstrator  of  Anatomy  io  tbe 
eflbrson  Medical  College,  in  2  vols,  8vo. 

SURGERY.  The  Principles  and  Practice  of  Surgery.  By  George 
IfClellan,  M.D.  Professor  of  Anatomy  and  Surgery  m  the  Jeffersoa 
Medical  CoHege,  in  2  vols,  8vo. 

*  '■'l^TISE   ON  THE  MATERIA  MEDICA  AND  THERA* 

TTECS :  fai  a  vols,  Third  Edition,  improved  and  greatly  eolarg* 

'■^Tobn  Eberle,  M.D.  Professor  of  BfaterU  Mediea  and  Ob- 
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